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CHAPTER I 
INTRODUCTION 
1. Introduction-
The grade placement of scientific principles has ·been undertaken by 
the Boston University School of Education, Science Department, as a 
project to be carried on· through the suc-ceeding years under the direc-
tion of Dr. John G. Read. The experiment wi.ll be concluded when enough 
pupils and schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumulated, the ex-
tent to which the study will have to be carried should become apparent. 
When a sufficient number of principles has been tested a complete 
overall report can be written giving the conclusions. That is, there will 
be a •per centage of learning' index for each principle for each modal 
mental age level. From this index it should be possible to ascertain 
that if a certain principle is taught to a certain modal mental age 
level then a certain percentage of the pupils can be expected to learn 
the principle. 
This year both the background for the study and the design of the 
experiment are being done under the guidance of Dr. Read and 
Mr Herbert Oxendine. Also, the first group will start the experiment 
with each experimenter taking one principle. The teaching method will 
be a lecture-demonstration. The amount of learning will be measu~ed 
by identical tests given before and after the lecture-demonstration. 
Data to be gathered will consist of the test scores, the pupil's- I.Q., 
M.A., C.A., sex, previous science instruction and science background. 
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The results to be found by each individual participating in this study 
will be for only one or two grades in· several schools. This will give 
an indication of ·the next grade that should be tested depending upon 
the 'perce;ntage of learning' for that· modat· mental age level. 
As the study· proceeds investigation into these principles· will be 
continued and others started until there is an index of the •per·centa:ge 
of learners' for each modal mental age· "level for·· each principle. Each 
experimenter starting a ·n·ew principle will leave· his material for many 
teachers -in-service to use when he is finished. This will include 
the demonstration, a copy of the· script, a tape recording of one of 
the actual lecture-demonstrations and the test. The same material 
will be used throughout the study for the sameprinciple. The sample 
of schools will be ch sen each year so that complete coverage may 
be made of each socio-economic level for grades 3-12. 
It is assumed for this study that there will exist a difference in 
the percentage of learners at different mental age levels. It is also 
assumed that the time spent· in a good demonstration with a care-
fully prepared talk would produce a small increment of learning. 
The committee whose responsibility it was to compile the data in-
cluded in the literature as background for this study consisted of the 
following members under the chairmanship of Norman G. Mills: 
Isabel L. Bouin 
John T . Callahan 
James Creighton 
Wallace J. Gleekm:an 
Eugene H. Goldrick 
George F. Griffin 
Robert H. Jackman 
Eleanor Ka:ncevitch 
John G. Minot 
Henning A. Sahlber-g 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
3 
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2. Justification 
Very little scientific evidence is· available on the grade placement 
of science principl-es· · Because of the great incr-ea-se· of· scientific 
knowledge, educators emphasiz-e the need for·· research that will de-
termine the age· levels at which· science concepts, principles and 
skills may be introduced into the curriculum with optimum effective-
ness. 
Beck l / states that because scientific knowledge is accumulating 
at such a rapid rate, there is neither time nor excuse for teaching· 
the elementary scientific concepts in the higher grades. He points 
out that the scientific background and foundation prerequisite to an 
understanding of the individual science courses offered in the high 
schools are lacking in the beginning students. To find a solution to 
this problem, he suggests that research be started to determine, • 
... what fundamentals of· scien·ce can we expect most children of si-
milar ability and cultural background to master at each maturity 
level). Y 
From a Progress Report of the Committee on Research in 
Elementary Science for the National Association for Research in 
Science Teaching, VEmilll/ believes that with the great expansion 
1/ Alfred D. Beck, •some Unanswered Questions Pertaining to the 
Organization of a Twelve Year Science Sequence'", Science Education 
(April, 1948), 34:176-177. 
2/ Ibid., p. 177. 
3/ John Venill, •Needed Research Studies in the Junior High Schools', 
Science Education (April, 1948), 32:175-185. 
/ 
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of scientific knowledge, concepts which previously have been reserved 
for high school science courses will have· to be taught in the junior 
high schools. He sum.marizes that, •. ~.studies should be made on 
pupil readiness fo-r more advanced science concepts. ~y 
In the Thirty-first Yearbook the National Society for the Study of 
Education 2/ suggests that a twelve-year sequence of science be taught, 
based on the broad generalizations of science. As an outgrowth of 
this plan, many problems for research were recognized. Morrison~/ 
places the selection and sequences of courses within the curriculum 
and the grade placement of topic·s· at the top of a list of needed re-
search in science teaching. 
However, research on the location of curricular material in science 
classes is complex. In order to make such studies objective and mean-
ingful, educators, says Bellack, must take into consideration the basic 
findings from the fields of educational philosophy, sociology, child 
growth and development and psychology of learning. 4/ 
The writer believes that the aim of education is to give some 
meaning, some secul:'ity and purpose in life. Ideally, education should 
provide an understanding of the diversity and richness of the present-
1/ John Venill, op. cit., _.::.. 175. 
2/ National Society for the Study of Education, A Program for Teaching 
Science , Thirty-first Yearbook, 193.2, Part I, The University of Chicago 
Press, Chicago, Illinois. 
}./ Ibid., p. 354. 
4/ Arno A. Bellack, 6Sequence and Grade Placemene, Journal of Educa-
tional Research (April, 1948}. 41:623. 
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day world and take into account our uncertainty· on ideas of life and 
the universe. More specifically, science education seeks to teach 
effectively those principles and skills of science which touch so 
largely upon everyday life. The aims of science teaching are con-
tributory to the aims of education, :mainly, as Bellack says, "life 
enrichment. " 1/ 
In our society great emphasis is placed on education. Laws com-
pel schooling up to a certain age, and all children are assured a free 
education. It is the school's responsibility both to society and to the 
children to present those activities which will prepare the individual 
student to participate intelligently in our democratic society. 
Bellack~./ further says, urn planning the sequence and place :ment 
of school experiences, then, consideration must be givenat every stage 
to the demands of society in regard to both the important responsibi-
lities of citizenship and the great variety of learnings and adjustments 
occasioned by circumstances peculiar to our culture. u 
In part, grade placement o( curricular :material is a :matter of 
providing experiences at each grade level which are suitable to the 
:maturity level of the students and are designed to achieve the 
objectives of the progra:m.l/ Kingsley defines :maturation as H U» the 
1/ Arno A. Bellack, op. cit., p. 42. 
2/ Ibid., p. 623. 
3_/ Ibid., p. 625. 
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normal physical growth o.f the physiological functions. If these physio-
logical structures have not developed to the point where the child can 
carry on the activity essential for a particular kind of learning, it is 
quite obvious he will be unable to achieve success in this direction. H1/ 
In order to o~tain the maximum efficiency in learning, maturation 
of the child must be considered carefully. Hilbreth 2/ points out that 
if a child is presented with a problem· which is beyond his maturity 
level, he will reduce or simplify the problem to his own realm of 
understanding which may lead ·to misconceptions and make learning 
more difficult when the proper· maturation level is· reached. Washburne3/ 
points out that if a child is presented with a pr·oblem ab-ove his maturity 
level with the implication that he should succeed~ it will give him a 
·feeling of failure and undermine his security. ....Instead we must guide 
him into those learning situations that he can attack effectively and with 
sufficient success to yield satisfaction, encouragement and growth. n .1:/ 
Many of the studies that have attempted to assign learning experien-
ces to definite maturity levels have been concerned with motor-skill 
development in pre-school children.l'/ But a number of studies have 
1/ Howard L_ Kingsley, The Nature and Conditions of Learnins~ Prentice-
Hall Inc., New York, 1949, p. 49. 
2/ Gertrude Hilbreth, '-'The Difficulty Reduction Tendency in Perception 
and Problem Solving", The Journal of Education Psychology (April, 1941), 
32:305-313. 
3/ National Society for the Study of Education, Child Development and the 
Curriculum, Thirty-eighth Yearbook, 1939t Part I~ University of Chicago 
Press, Chicago, Illinois. 
4/ Ibid., p. 3. 
5/ Marian E. Breckenridge and Elee Vincent, Child Development, W. B~ 
Saunders C'"~mpany, Philadelphia, 1949. 
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been :made to determine the role that- maturation plays in the develop-
ment of various concepts, among· them t-hat of Pistor Y who conducted 
an experiment- to ·determine · how · tim:e concepts are a cqui red by chil-
dren. Two groups of 320 children were used in the study. In grades 
four and five, traditional separate courses in geography and history 
were taught to one group while the second group was taught geography 
as a major course and history incidentally. In the sixth grade the 
first group was given instruction with special attention placed on time 
charts, time lines and other teaching aids. The other group had 
regular instruction with no special importance placed on time concepts. 
Through analysis of test result-s at the completion ·of the sixth grade; 
it was found that the group with special instruction gained slightly 7 
but no t significantly, in time-concept u.n:ders tanding, over the gr-oup 
without special instruction. Pis tor concludes that '·-",. .. evidence points 
heavily in favor of maturation rather than training as the dominating 
factor in tim.e,..concept development. h 2/ 
Piaget 3./ attempted to assign stages in the child *·s thought develop-
ment to maturity levels. Through personal interviews, questions were 
asked relating to the child's ideas of the causes of natural phenomena. 
1/ Frederick Pistor, £A How Time Concepts Are Acquired by Children a, 
Educational Method (Nov, 1940), 20:107-112. 
_3/ Frederick Pistor, op. cit. p. 111. 
3/ Jean Piaget, The Child's Conception of the World, Harcourt, Brace 
& Company, Inc., New York, 1929. 
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The responses· werEf then placed in categories developed by Piaget. 
For example, Pia get traced three steps in concept· ·development relating 
to the origin of the sun and the moon. The first step was that of 
artificiality of that the sun and· moon were made by some human being. 
The second step was a belief that· the sun and moon were developed 
by a combination of artificial and natural causes. The third stage 
in this development was the belief in a completely natural origin 
of the sun and the moon. The implication was that the child passed 
from one stage to another only when he had reached the proper 
maturity level. Due partly to the complexity and the subjective 
nature of interpreting the responses of the children, Piaget•s method 
has been criticized and his conclusions challenged. 
Deuts cheJ:./ conducted a study at the University of Minnesota in 
another attempt to trace the development of concepts of causal rela-
tions in children. Identical demonstrations and tests were given to 
children in grades three through eight. Three experts familiar with 
Piaget's work attempted to classify the answers to the test items into 
Piaget's categories. There was little agreement among the jury as 
to where each response should be placed. It was found that there was 
a great deal of overlapping, that most kinds of answers were found 
over the entire age group and that the answers of children of a 
given age group could not be classified into a single type. Deutsche 
1 J Jean Marquis Deutsche, The Development of Children's Concepts 
'Or""Causal Ielations, The University of Minnesota Press, Minneapolis, 
1937. 
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concluded that • • Causal thinking apparently· does not develop by stages 
but by a gradual process. ,.jj She also found that the adequach of 
the answers to the test questions increased with age, and the greatest 
increase noted was between the ages of 11 and 12 yearsY 
Haupt3/ sought to gather evidence to find out if young children 
were capable of the mental activities associated with the .. large 
generalization" type aim. His study was limited to grades one through 
six. Haupt found that the ability to generalize prevailed at all grade 
levels, but that this ability was limited by the complexity of the con-
cepts studied. 
Croxton's j_/ study also indicates that children in the higher pri'"' 
mary, the intermediate and the junior high school are capable of 
generalizing. 
However, grade placement of curricular material is not entirely 
a matter of maturation. It is a matter of learning readiness which 
includes maturation, experiential levels, interest and attitudes, social 
pressures and training. But these factors are extremely difficult to 
separate for study. In the human body every organ is an integrated 
1/ Jean Deuische, op. cit., p. 93. 
2/ Ibid., ,p. 29-42. 
3/ George W. Haupt, An Experimental Appli,cation of a Philosophy of 
Science Teaching in an Elementary School, Teachers College, Columbia 
University C ntributions to Education, No. 633. Bureau of Publications 
Teachers College, Columbia University, New Yvrk, 1935. 
4/ W. C. Croxtont .. Pupils Ability to Generalize", School Science and 
Mathematics (Jan. 1936), 36:627-634. 
11 
part of the whole body. If one organ is malfunctioning, it will affect 
the normal activity of the whole organism. S-imHarly, the child is a 
composite of many factors, each affecting the functioning of the other. 
All experien-ces, according to Dewey,.!/ both take up something 
from those which have gone before and modify in some way the 
quality of those which come after. Westf./ says 'that it is useless 
to show that a given volume of warm air is lighter than the same 
volume of cold air before the concept that air is something that 
has weight and occupies space is understood. So while the pupil 
may be at the maturity level for understanding a certain concept, 
if the necessary background is lacking, he will not learn efiec"" 
tively. Even if the maturity and experiental levels are adequate 
for learning, lack of interest or proper attitudes, inadequacy of 
tea ching method and materials may account for unprofitable learning. 
This study is designed to establish a learning index of the 
various scientific principles. This learning index will indicate the 
approximate mental age level at which these principles can be 
taught effectively to children of similar ability and background. Be-
cause of the complexity of the learning process, absolute values as 
to where- each principle should be included in the curriculum is not 
1/John Dewey, Experience and Education, The Macmillan Co., New 
York, 1938, p, 27. 
2/ Joe Young West, uno We Expect TooMuch or Too Little of Children 
'from Their Experiences iii Science? H Science Education (Oct. 1944), 
33:298. 
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expected, but the results may- pruve helpful to curri-culum·p1anners 
in determining the grade placement of these principles. The re-
sults of this study· will be of importance to classroom: teachers, 
textbook writers, standardized-test -makers,· and pr·oducers of 
visual-aids. It may, moreover, help bring about an orderly, sys-
tematic teaching of science, resulting in more and efficient learning. 
3. Design of the Experiment 
A. Seope and Limitations 
13 
The objective of this study is to establish a learning index for 
a number of scientific principles both in the elementary and secon-
dary grades, the total study being made over a period of approxi-
mately ten years. An index of learning is to be assigned to each 
level at which the experiment is carried out. 
A beginning has been made here by twenty-eight students working 
with different pdnciples. Subsequent investigators using identical 
techniques with the same or other principles at different age levels 
may, after having secured data on a large number of pupils, pre-
dict with some accuracy where a certain principle might be taught 
with knowledge of its being understandable to the majority of pupils 
at that age level. 
The procedure to be described is essentially the same in all the 
studies made by those twenty-eitht investigators. However, since 
certain of these persons could not, of necessity, meet all of the 
conditions here set down because of their own teaching duties, the 
procedure has had to be slightly varied in such cases. Whenever any 
change's have been expedient, it will have been noted in subsequent 
chapters. 
The population used in the study made by this first group of 
investigators is composed of pupils from the third to the twelfth 
grades. They are a stratified sampling of the school population of 
several New England states. 
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Each pupil's mental age is known through the use of chrono-
logical age, as furnished either by the pupil himself or the teacher, 
and the I.Q. obrained from the results of the administration of the 
Otis Quick-Sco:t"ing intelligence test. This enabled the experimenter 
to establish the mental modal age for each grade division of pupils 
tested. 
The pupils whose test scores are included in the study all have 
mental ages within the limits of one year from the highest to the 
lowest. Once the modal mental age had been established, only the 
scores of those pupils with mental ages of plus or minus six 
months from the mod e. were selected to be included in the subse-
quent analysis. 
Each investigator has examined two class divisions in five 
schools. Of the total of ten groups included, five are samples of 
the same grade level and the other five are samples from a diffe-
rent grade level which are separated from the first five samples 
by two years; that is, if a particular investigator chose five tenth-
grade divisions, he will also have chosen either five eights- or 
five twelfth-grade divisions. 
Two examinations have been given to all pupils included in this 
study. The first will be known as the pre,..test and the second as 
the post-test. They were identical. The post-test was given within 
an hour after the administration of the pre-test. The time lapse 
between the two was occupied either by the presentation of a 
~-. --
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demonstration serving to illustrate the particular principle being 
tested, in the case of what is known as the exper-imental group, or by 
reading non-relevant material· by the group to be known as the control. 
Strict discipline was maintained in each group· in order· that the 
pupils might not communicate with one another or be distracted from 
the examination or the demonstration given. 
The demonstration was of large enough:.: size, and was well 
lighted, so as to be seen by all the pupils in the class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investigator of a 
principle to be demonstrated and tested. Such accepted lists as that 
compiled by Robertson.!/ were consulted. 
A review of the literature established that the teaching of princi-
ples is an effective method for teaching science.· It was found that 
facts were retained better when pupils were taught by principles. 
Also, relationships in applied learning were perceived more easily. 
Further findings on science teaching by principles are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more demonstrations 
which. illustrated the chosen pt"inciple. The time allotted for this 
teaching material was in most cases approximately 15 minutes. These 
demonstrations were necessarily simple, large, and contained as nearly 
as possible the ''purity of concept,. which has been interpreted by 
1/ Martin L.., Robertson, .. Selection of .Science Principles Suitable As 
Goals of Instruction in the Elementary School'', Science Education 
(April, 1935), 19:65-70. 
16 
Nichols!/ to mean that· th·e· demonstration illustrates one and only 
one principle. But if all other principles could not be eliminated, 
they were judged not to lead to a misconception of the material 
taught. 
The demonstration material of each experimenter was decided 
upon and the apparatus set up after having been presented to and 
passed on by a board consisting of a small group of investigators, who 
in turn, held their demonstration material up to scrutiny by fellow 
board members. 
In a subsequent section of this thesis are discussed the cri-
teria for a good demonstration. The eleven pertinent points are 
summarized as follows: 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one principle only. 
3. The action of the demonsb:ation should be clearly visible 
to all. 
4. The apparatus should be on a large scale. 
5. The demonstration should be simple and the speed of action 
suitable. 
6. The demonstration should work; it should be as infallible 
as possible. 
7. The demonstration should be dynamic. 
1/ W. M. Nichols, New and Improved Demonstrations For Use in 
Teaching Scientific Principles in Chemistry, Unpublished Master •s 
Thesis, Boston University School of Education, 1950, p. 4. 
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8. A slight dra:ma:Uc element" is· sometimes useful. 
9. An ~lement of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and inexpensive 
material. 
·n. The apparatus used in a given demonstri3-tion should be 
stored away intact until it is to be used. again. 
All members of the group have adhered rigidly to these criteria. 
It might be mentioned here that research, which will be des-
cribed in Chapter Z, on the idea that demonstrations are effective 
brought to light the fact that the demonstration is equal to or better 
than any other method of teaching science. Thus it is seen that if 
a particular scientific principle can be taught at a certain age level, 
the demonstJ."ation method is as good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third step in the proce-
dure was followed. Each investigator devised a test of the four-
answer multiple choice type to be administered in not over 15 minutes 
time. Thi~ type consisted of approximately thirty items divided into 
three groups. The first ten items were based directly on the demon-
stration to be given. The second group consisted of items which in-
volved transference; that is, these items did not test an understanding 
of the dempnstration directly but tested the ability to apply the scien-
tific princi:ple·involved to other simple nearby situations. The last ten 
items were more difficult; they involved an application of the principle 
but were of such a nature that correct answers might be made ·by the 
pupils who had gotten the most from the demonstration. 
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All of the items were so worded that the pul)il coUld be given this 
test before the demonstration had been seen and yet answer the questions 
if he understood the principle., For example.~~ a question might be begun 
with a phrase such as "If a tight wir-e is plucked.lloooooo".~~ etc., 
In order to establish a suitable vocabulary for the items on the y 
test 3 Thorndike's Teacher's Word Book was used., This volume lists 
___ .......,. ___ _ 
words used most often in standard English reading materlalo Words used 
in the items were compar«i with the list to suit either the elementary 
or the secondary grades,. If the particular words were not mentioned3 
others h~d to be substituted.,··· The final form of the test· contained a 
vocabulary which was suitable to· the level at which eaeh investigator was 
workingo A copy of the writer's test is included in the appendixo 
The test items were put in the interrogative f'o:rm whenever practical 
with the answer to each consisting of one correct response and three dis= 
tractorso 
When the test was completed, it was presented to the same board which 
had previously judged the quality o:f. the dem.onst·ra.tion material.. The items 
were passed if, in the opinion of the boards they- were valid,. An answer 
sheet for the test was devised whereby an ·enclosed space was left after 
the number of each item for the letter of choice. 
y Edward Lo Thorndike and Irving Lorge.\) The Teacherns Word Book of 
302 000 Words 3 Bureau of Publications3 Tea.cherts College.~~ Columbia 
University.\) New York3 1944o 
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The fourth step in the procedure involv-ed the administration of 
the test to approrlmately one hundred pupils of the same grade level. as 
the pupils for which it was finally intended., The results were incor= 
porated in an item analysis which is described in a later section or this 
thesis. An:y items which were shown -not -to be serving especially well 
were left on this final form of the test but only those items which were 
functioning well were used in subsequent compilationso 
,As the fifth step,~~ a script to accompany the demonstration was written 
by each investigator using a sui table vocabulary selected· from Thomdike g s 
y 
word list. This was not to be· read- to the experimental group while the 
demonstration was shown but sel'Yed as a guide for the demonstration 
lecture, key points of the written procedure having been- committed to 
memory by the experimenter., This minimized the probability or the indi-
vidual lectures varying widely from day to day0 
The investigator then prese:ated his ·lecture ·and demonstration to a 
few pupils inviting comments after·the presentation. In this manner both 
At this point in the procedure3 the· test and the demonstration were 
ready to be given. Each investigator had written to superintendents or 
schools_, receiVing permission to test pupils of' two particular grades in 
each school., Altogether rive schools ·were se-lected and- the· pupils or two 
grade divisions in each school were chosen as subjects ror the experiment. 
y Edward Lo Thorndike and Irving Lorge.9 .2£o ~o 
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In some cases, investigators chose the elementar,y grades and in others, the 
secondar,y,. 
The sixth step involved the administration of the Otis Quick~coring 
intelligence test, by the investigator or the teacher or each particular 
division3 during a period within two weeks of the demonstration,. 
The largest part of the experimental work is contained in the seventh 
step.. On a prearranged date at a prescribed hour all the students of one 
class were pre~tested at the same time; that is 51 the examination was pre= 
sented to the pupils before the principle was· demonstrated;; They were 
first given a test booklet and an answer sheet marked Test 1 on which there 
was a place for the filling in of the-following infoTmation: nam.e3 sex3 
date of birth, name of school and town.s and the previous training each 
pupil had in science., With regard to some of these items, in the lower 
elementary grades the information noted had to be checked and.ll many times,~~ 
supplied by the teacher,. 
Each answer sheet contained a random number in the upper right hand 
corner and also a place for the investigator to later fill in any informa= 
tion he desired such as socio~economic background.ll I .. Q. 3 etco A sample 
answer sheet is show in the appendix,. 
The time allotted for the pre-test- was appro.xima.tely fifteen minutes .. 
At the end of this time the answer sheets were collected and half of the 
pupils in the class were sent to another room, after handling their test 
booklets to the demonstrator or the teacher in cha.rgeo The remaining 
half kept their booklets and stayed in the room to see the demonstration,. 
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Half of the pupils were randomly select.ed. according to a. method 
used by Lindquist!/.. A table in his book was consulted and utilized., 
To explain the use of the table, it is perhaps expedient to use a hypo= 
thetical class in a single run of the experiment., Since there are 36 
pupils in this class and half are to be ~elected at random, lS pupils must 
be chosen arbitrarily. The first step is to assign numbers .from 00 to 35 
to the 36 answer sheets., This may be done in any order., Then it is 
necessary to select a starting point on the table by referring to a column 
and row number.. As Lindquisty states> .. 
11This starting point should be- determined before looking at 
any number in the table.. / Once having. selected the starting point 
and direction, no pecularity in the numbers read should be permitted 
to cause one to disregard the results and start anew at another 
point.,". 
From the starting point and reading in the chosen direction, the .first 
18 unlike numbers below 36 are taken and the pupils previously assigned 
these numbers are then one of. the halves .of the elass .. 
After the class was divided,· the answer sheets for the pre-test were 
collected and half the class· was· removed-, as stated above., This half was 
designated as the control. group., They spent the next 15 minutes reading 
silently some non-science material in another room .. 
Up to this time, the dSJ.onstration apparatus, which had been previously 
. . . ·-- : ~- : 
placed in the room where the· pre-test ·had been given, was kept covered with 
a cloth. With ~nly half the original group present, these demonstration 
y Everet F., Lindquist 3 statistical Analysis in Educational Researeh.9 
Houghton Mifflin Co~pany3 Boston.ll 1940.11 table 18, Po 262.. · 
Y lli2-.•s p .. 26., 
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ma.teriaJ.s were uncovered and the investigator began his experiments with 
his accompanying remarks of explanatione 
When the denonstration~ having lasted approximately 15 minutes~ was 
over, a. post-test answer sheet marked Test 2 was distributed to each pupil. 
This sheet was the same as that for the pre-test with the exception of the 
identifying test number. The original closed test booklet~ which was to 
be used for the post-test~ had been placed in the upper right hand corner 
of each pupil's desk. The group bad previously been cautioned by the 
dsnonstrator not to open the :booklets or talk among themselves while he· 
was experimenting. 
-The post-test, being identical to the- pre=-test since the test booklet 
contained only the one test, was then· administered to this experimental 
group. At the end of the allotted 15 minutes, the booklets and both 
answer sheets were collected. 
-Meanwhile in the room to which the other half of the class!;) the 
cqntrol group, had moved, the same post-test was given as was administered 
to the experimental group by a teacher who also st~.pplied the pupils with 
an answer sheet marked Test 2 and a-test bookleto After about 15 minutes 
had elapsed, the papers and booklets were collected. 
In the cases -wh~re the investigator was working with elementary 
grade school pu:pils!;) the demonstration was given to the control group 
a:ft,er they had taken the post-test because of the -interest they undoubt-
edly had!;) because of administrative- rMson-s!;) and!;) more important!;) because 
the time element was not such an important factor as it was in the 
secondary school where the control gr0up was not given the demonstration. 
2.3 
This same procedure was repeated with individual divisions in each 
school until3 as mentioned a.bove3 data on a total of ten divisions in 
five schools was collected. 
·It has been found that a reliable method of measuring the amount of 
learning of some specific activity, is by means of the test-retest method. 
B.r using the test-retest method3 the level of previous knowledge concern-
ing the activity may be established. Using this information any gain in 
knowledge can be easily established. A detailed section on the test 
technique will be found in the next chapter• 
The eighth step in the experimental procedure involved the compila= 
tion of statistics using the scores on both the pre-test and post-test3 
the group modal mental age which had been computed from the I.,.Q. and the 
chronological age of each -pupilo As was- stated above· enly the scores of 
those pupils with mental ages ·Of plus or minus six months from the mode 
were included in the statistical analysis., If a pupil of the experimen= 
tal group showed a lack of understanding of the questions ·relating 
directly to the demonstration on his post=test 3 his scores were excluded 
from the analysis. A score which was less than 80 per- cent correct on 
this part of the post•test was not used. The second chapter of this 
thesis contains a detailed explanation of how the scores were handled 
statisticallye 
The ninth and final step of the procedure was the making of a tape 
recording using the previously refined script for the demonstration 
lecture.,. When this had been done and the resulting recording found 
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satisfactory» it was packaged along with the test bookl-ets» sample answer 
sheets, and the demonstration materialo In this way$ all necessary 
information and equipment will be ready for future investigators using 
the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
lo Teaching by the Use of Principles 
The teaching of science by principle rather than by extraneous 
collections of facts ha-s been generally accepted by educatorso The 
Thirty-first Yearbook of the National Society for the Study of Education$ 
says that life enrichments the aim of educations can best be, achieved if 
the schools activities are "of the kind from which ideas may be developed 
and if the ideas may in tum be associated into principles and genera.liza-
tions that are interwoven into human experienceo Functional learning is 
conditioned upon attainment of some- such integration.rJ/, 
Hoban says: "Education is not simply the accretion of in.f'orma.tion. 
It invol'fes the fundamental knowledge and the understandin~ of the basic 
principles of the universe, of which man is a part.•¢/ 
The inductive method-.-Here the learner arrives at a general con-
elusion, e.g. certain laws of physical sciences; by examining a number of 
individual cases. The weakness in this method is that there is a possibility 
of too general a conclusion, as the,enumeration of particulars can never be 
totaled. For example after several enumerations of plants having flowers 
such as, the cactus has a flower; the buckwheat has a flower; the stringbean 
y National Society for the Study of Education$ A Program for Teaching 
Science, Thirty-first Yearbook, 1932, Part I, P• 242, The University of' 
Chicago Press, Chicago, Illinois. 
g/ Charles F~ Hoban, Focus on Learning$ American Council on Education, 
Washington D.C., 1942, Po 34o 
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has a flower.; we might conclude all plants have a nowero This is too 
general a conclusion as ther-e-a.re·activefungi which do not possess 
flowers"' Induction is thus e&sentially imperfect ·as a mode of reasoning~ 
though invaluable as a means of fixing general principl~s and laws·amid 
the succession of particularities· given in experienee,;;!/ 
The deductive method.-The learner reasc:ms .from a principle to a 
particularo It is in this method that we shall. be mainly interested, for 
we are basing our whole experiment on the reasoning powers of the learners 
to go from the principle to a particular inference to the principles in 
their learning process., For example~ If a learner understands the 
principle of friction he can deduce ·that heat is released and· wear between 
the surfaces takes place when one body is· rubbed over another•· 
A large amount of our teaching attempts to pupils to see the implica-
tion of the laws, principles and rules that they may have learnedo As 
contrasted with induction~ deduction is a much simpler and shorter process. 
It is an unusual situation when a bit of deductive teaching lasts longer 
than a few minutes. 
Advantages of deductive .educative teaehing:t 
1., Much more simple than the inductive method 
2.. Results in very desirable outcomes 
3o Introduces factors of_organization 
4,. Makes meaningful the principles that have 
been mastered already 
5. Arouses puzzle or questioning instinct» a 
very valuable aid 
})' Ro Jo Jlc Call.$) Basic Logic, Barnes & Noble Inc .. , New York$ 1947o 
6. Helps pupils to derive their principles from books 
or demonstrative techniques.1f 
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Jones, Y Leonelli,~ Martin Wand others--have emphasized the value 
of teaching science by principle, and have listed hundreds of principles. 
However, there is some disagreement as to what constitutes a principle. 
Hl!'dmna,rm defines a principle as ••a statement of relationship between two 
or more facts,."2/ 
Wilbur 6 s definition as- stated by Ma:rti:n.§/is much more precise and 
makes a principle a ver,r specific kind of generalization. His criteria 
state that a principle - - -
" Is stated positively and definitely 
Is true but with rare- exceptions within the limitations 
set up by the statement 
Clearly state11 or implies-adynamic proces8 or interaction 
Is demonstratable experimentally 
Is clearly not a part of a larger principle which can be 
clearly stated · 
Is not merely a definition or description 
Has wide application in the natural environment and is 
not rul~ out by any or the preceding criteria.," 
1/ c. E. Holley, The Teacher's Technique, ·The Century Company, New York,l924,. 
3/ Ruth V. Jones, A Study of the Principles of Science Found in Ninth~ 
grade Textbooks of General Science, Unpublished Master's Thesis, University 
of Uichigan, 1946,. 
~ Renato E. Leonelli, Principles of Physical and Biological Science for 
Grade Eight, Unpublished Master's Thesis, Boston University;, 1947,. 
h/W .. Edgar Martin, "A Determination of the Principles.of the.B:j..ological 
Sciences of Importance :for General Education", Science Education 
(March, 1945), 29:100-105; (April~ay, 1945), 29:152~163,. 
2/ Ailsie M .. Heinmann, "A Study of General Science Textbooks"_, General 
Science Quarterly (November, 1928), 13:11,. 
§/William Edgar Martin, "A Chronological Survey .of Research Studies on 
Principles as Objectives of Instroctiop. in Science", Science Education 
(February, 1945), 29:45-52. 
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Robertson•s definition of a principle was the result of many weeks 
of consideration by a seminar in science teaching under F. D. Curtis 
at the University of :W.chigan: Y 
ua.. To be a principle a. statement must be a comprehensive 
generalization 
b. It must be true without exception within limitations 
specifically stated 
c.. It must be a clear statement of a process or an 
interaction 
d.. It must be capable of illustration so as to gain 
conviction 
e. It must not be a part of a larger principle 
f. It must not be a definition 
g. It must not deal with a specific substa.nce'1 
With this definition, Robertson sought to det~rmine a. comprehensive 
list of principles suitable as goals of instruction for elementary:schools .. 
.He evaluated nine separate studies listing principles found in textbooks, 
a.r:ranged according to frequency and stress.~~ by a jury of three science 
teachers and several subject matter specialists. A list of the 243 
principles found was sent to fifteen elementar.r school science teachers and 
from their ratings 113 principles- were chosen. These are the principl,es 
used in the present study. 
Some :results,--There is considerable evidence that scientific 
principles can be taught effectively to students at the secondary level .. 
Freud and Cheronis readministered a comprehensive test- to students of a 
survey course in physical science one year aft-er th~ course had been 
completed.. They found that principles and the ability to apply such 
1J Martin L. Robertson.~~ "Selection of Science Principles _f)uita.bl~ as 
Goals of Instruction in the Element·ar;r School", Science Education 
(February-April, 1935), 19:1-4, 65-70 .. 
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principles were retained much better than were Unrelated facts,.l/ 
Babitz and Keyes paired eight .classes- in chemistry in two Cali-
fomia Hi,.gh S.cb:ools.. Four of the classes, designated as the control 
groups, r~nved ~tandard instruction; the other four designated as the 
experimental groups, had direct and intensive training on the application 
of principles.. The tests administered at the end of the experiment re-
quired the solution of problems-in chemistr.r and the identification of 
scientific _principles related these· two.. All the experimental groups 
showed superiority over the control groups in the same schools.. The 
differences however were not statistically significant;. Y Kilgore paired 
120 students in high school physies with respeet to their previous ex-
pe:rience in science courses· studi-es and I.Qe He found at the end of his 
stuqy that students of both high and low ability were significantly better 
in making applications of principles of ppysics when the instructor placed 
emphasis on such applieation .. JI 
The evidence from these studies seems to indicate that the learning 
of principles of science, and the ability to apply them, ma.y be attainable 
1J Henrietta z .. Freud, and Cheronis, N .. D .. , "Retention in the Physical · 
Science Surve,r Course", Chemical Education Journal (June,l940) ,l~h2SS-29.3 
y Babitz and Keyes, "An Experiment in Teaching Pupils to Apply Scientific 
Principles", Science Education (December, 19.39), 2.3:.367-.370. 
- .. Jl W .. A.. Kilgore, "Identification of Ability of Apply Principles of 
Physics••, Teacher's College Contribution to Education, No .. S40, Columbia 
University, New York, 1941, P• .34 .. 
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objective~ of the teaching of science at the secondar,r level provided 
such objectives are emphasized in instruction. 
2. The Lecture-Demonstration Method of Teaching 
A. The Effectiveness of Lecture-Demonstrations 
The areas which will be treated in this section are to define 
and describe the ter.m lecture-demonstrationa and then to quote freely the 
written opinions of science educators with regard to the use of demonstra~ 
tiona in science teaching.ll describing the psychologf:cal. and logical basis 
for the use of demonstrations in teachingo Then$ a review of the research 
in which the lecture-demonstration is compared with other methods of 
science teaching will be presen·ted. 
Before discussing desirable.qualities in a demonstration3 Mac~3 in 
describing and defining a demonstratiGnp says in part~ 
'
1Inherent in the concept of demonstration is the factor of 
movement of a material thing9 not a static condition or dis= 
play. A demonstration is a.n appeal. through the senses of 
sight and of hearing.ll and less frequently through the 
other senses. Results must follow the pu.rposeg there must 
be conviction, compelling to an inescapable conclusion.,'' 
Regarding lecture-demonstrations$ Stuit and Engleharty express their 
definition by statingg 
"The ter.m lecture-demonstration is used to describe a method of 
teaching in which the teacher carries out-a demonstration for 
thE?. entire group and lectures in parallel with it., The students 
observe the demonstration and ask any questions which they desire 
about the danonstration or theory involvedo 9i 
y Joseph Ao Mack 3 51Desirable Qualities in Demonstration Apparatusvv a 
School Science and Mathematics (January-3 1950) 3 50g2l., 
gj Dewey B., Stuit,ll and Max Do Englehart 3 "A Critical Summa.ry of the 
Research on the Lecture~emonstration Versus.the ]ndiv~d~a1.Laboratory 
Method of Teaching High School Chemistry•v 3 Science Education (October,\)1932) 3 
16::380., 
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Any discussion of the use of the demonstration in science teaching 
should be related to certain principles of learning., Potthof;J has ex-
pressed awareness of such a relationship in the following writing: 
11The use of the concrete, particularly where it deals 
with the unfamiliar, can provide an experimental basis 
for learning, whether. that learning be remembering facts, 
understanding processes, seeing relationships, or getting 
an idea of how motor skills are executed., Direct ex-
perience, especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, stimulate 
his interest, and arouse his curiosity.. Demonstrations 
can be helpful also in facilitating comprehension of the 
abstract, giving reality to the spoken word, and reinforcing 
it by providing impressions through- several sense avenues., 
In general, learning may be more meaningful, more accurate, 
more complete, and more permanent if it is based upon 
actual experience with that which is being studied.," 
Additional emphasis on the importance of the real or direct e:x;perience 
in learning has been made by Richardson and Cahoon in Methods and Materials 
for Teaching General and Physical·Scienc~ They stated that: 
. uprobably the most usual use of the demonstration is for 
illustrating and explaining scientific principles and 
their applications.. For most students seeing the real 
thing is much more helpful than reading about it or 
looking at a picture o.f it.,n 
Whether the demonstration precedes or follows activities such as 
discussion, reading, films, and laboratory work, it may not automatic-
ally provide an understanding; but it furnishes a real experience upon 
which the teacher may build, along with other well-chosen procedures 
and activities., 
y Edward F .. Potthoff, "The Use of Demonstrations in Science Teaching", 
Science Education (December, 1945), 29:253 .. 
g! John s .. Richardson and G. P .. Cahoon, Methods and Materials for 
Teaching General and Physical Science, McGraw Hill Book Company, 
New York, 1951, P• 17., 
Demonstrations can be used .for providing pupil experiences in 
thinking. Cahoon'~ views on this topic are, in part, these: 
"The demonstrations, laboratory experiments, directed 
studies, pupil project.s, motion pictures, textbook 
statements, and pupil-teacher discussions are teeming with 
possibilities :for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately as one 
goes about teaching science .facts and principles to pupils. 
Like any other teaching aid or pupil activity, a partic-
ular exercise or experience in thinking may or may not 
be appropriate to use with a particular class at a given 
time. 
A certain demonstration for one class may be given to 
help obtain a particular fact of science, at another 
time as an experience in accurate observation, at another 
to utilize previous knowledge by predicting 'what will 
happenv, at another as an application of a recently 
studied principle. 11 
32 
However, it must be added here, that "A demonstration performed 
by a teacher who points out what is happening and indicates the conclusion 
which should be drawn or how it illustrates a particular principle may 
fumish little experience in thinking._,l/ However, 11thinking11 comes when 
the principle is applied. 
Before presenting a review .o:f the research in which the lecture-
demonstration is compared with other methods of science teaching, the 
evolution o:f the popularity of ~he demonstration method should be mentioned. 
y G. P. Cahoon, "Using-Demonstrations for Providing Pupil Experiences 
in Thinking", Science Education (Oct .. , 1946), 30:196 .. 
3/ JohnS. Richardson and Go P. Cahoon, QP• cit. 2 Po 67. 
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Webb1/ states that it developed in this mannerg 
"The growth of the d~onstration method as a substitute 
for the individual experiment was accelerated by the de= 
pressionf during which time funds for operating the schools 
were much reduced., It was argued -that if the course in 
science-be given by demonstrations, only one set of apparatus 
need be procured; whereas if it were given by student indi= 
vidual or group experiments a considerable number of duplicate 
sets must be purchased.," 
Cunningham's summary of "Lecture Demonstrations Versus Individual 
y 
Laboratory Method in Science Teaching" covers a-twenty-five year periodo 
The field of research includes eighteen Master's Theses~ six Doctorate 
Studies 3 and other studies. All of the reports were published in such 
professional periodicals asg Journal of Educational Psychology2 School 
Science and Mathematics$ School·Review.il Journal of Educational Research, 
and Pennsylvania School Journalo From the results reported by the ex-
perimenters, Cunningham~states thatg 
"Twenty-eight studies gav-e specific attention to the general 
outcome = immediate recall or imm~ate results. Twenty 
gave results favor-ing the demonstration method; six favored 
the indiv;tdual laboratory method; and two said that there 
was no difference ~etween the two method!{. 
Of the twenty-four studies that gave specific attention 
to delayed results, then favored the demonstration method$ 
eleven the individual laboratory method3 and three re= 
. ported no difference., 
The interest stimulated in the pupils by the two methods 
was studies in seven of the enterprlseso The majority 
of the pupils in three ~f the enterprise!{ favored the 
y Charles 'fr:-webb.~~ 11The Teaching of Advanced Science Using the Demon-
stration Method" 9 School Science and Mathematics (January3193S) 9 3~h2,3., 
y Harry Ao Cunningham,\) "Lecture Demonstrations Versus Individual La.bo~~a= 
tory Method in Science Teaching = A Summary".~~ Science Education (March,l946) 
30:70=82o 
;/ ~0.11 Po 76 
demonstration method; and in four~f the enterprise!! 
favored the individual laboratory method. 
All of the studies = fifteen = that gave attention to 
the time required by each of the two methods reported a 
saving of time under the demonstration methodo The time 
saved varied from one=fifth to one=half .. u 
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Later in the summary:; Cunningham:;!/ tells of the treatment of 
scientific thinking in these studies by these commentsg 
"Seventeen studies gave attention to one or more of the elements 
of scientific thinking but no one undertaking made even a 
slight beginning in the study of this problem in all of its 
many aspects. The elements of the thinking process that were 
studied in some of the undertakings were as follows~ amount 
retained in thought work; making proper conclusions to an 
experiment; application of principles learned; ability to 
think in ter.ms of science subject; ability to follow the 
steps in scientific procedure; per cent of thought questions 
answered correctly; method of attach on new problems; 
scientific attitude; ability to observe, learning a scientific 
principle; greater carry-over ability; ability to distinguish 
between fact and superstition; and ability to-generalize .. 
Of the seventeen studies that gave attention to some phases 
of this big and __ very important problem:; twelve favored the 
demonstration method; four_ the individual laboratory method; 
and one came to the conclusion that the p~il could learn to 
think about equally well by either ,Liiietho.£1 .. 1B 
This comprehensive statement is part of the concluding remarks made 
by Cunningha.JI: 
"Our decision:; as to what to do in practice9 is made easier 
when we realize that all of our laporatory teaching need 
not - should not be done by one method. It is possible that 
we may be ignoring a whole continuous series of possibilities 
between these two extremes., In many cases it may pe found 
best to use both methods in teaching a given idea ;in science .. " 
The studies presented in the summar;r of Cunningham were ranked according 
to the criteria presented in an a.rt~cle by Stuit and Englehart2( 
g I Op .. cit., .11 Po 7""6= 
y ~".ll p .. 79 
2/ Op. cit. 9 pp., 390-391. 
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by Keisetbf as to their superior or inferior value.. It is well to note 
here that Keiser used only the first six of the seven criteria to determine 
the value of these studies.. The seven criteria3 as established by Stuit 
and Englehart, are as follows~ (1) specification of experimental factors; 
(2) control of pupil factors; (3) control of teacher factors; 
(4) control of general school factors-; {5) duration of experiment; 
(6) measurement of achievement; and_{7) interpretation of experimental 
date .. 
For comparative purposes the writer has used the studies of Anibel21, 
Knox'J/, and Wil~ in this discus-sion because each study is partly con-
cerned with the demonstration method versus the laboratory method of teaching 
high school chemistry.. The problem of the r-esearch as stated by each author 
and the significant conclusions3 in part, will be relatedo 
The study of Fred G. Anib~3 ranked superior, is as followsg 
Problem: .To determine scientifically through objective data 
how the results of teaching high-school chemistr.r by lecture-
demonstration method compared with the individual laboratory 
method. 
!/ Louis B. Keiser, The Present Status of the Lecture-Demonstration Versus 
the Individual Laboratory Method of Teaching Science in the High School~ 
Unpublished M~ster's Thesis, City College of New York, 1933o 
?} Fred G .. Anibel.11 ncomparative Effectiveness of Lecture-Demonstration and 
Individual-Laboratory Method".l' Journal of Educational Research (May91926), 
13:355-365 .. 
Jl w .. w. Knox.~~_ lfThe Demonstration Method Versus the Laboratory Method of 
Teaching High School Chemist:ry11 3 School Review {May9 1947), 35g376=3S6 .. 
!JI William H. Wiley, nAn Experimental Study of Methods in Teaching High 
School Chemistry11 , Journal of Educational Psychology (April, 191S), 
9:181-198. 
2/ Loc .. cit .. 
Conclusions$ in part~ 
1. The immediate retention is as adequate when 
material. is presented by the-lecture=demonstration method 
as when the class is taught by the regular individual 
laboratory procedureo Indications are that the lecture= 
demonstration procedure would result in better immediate 
retention .. 
2o The delayed retention is so little different that 
one method may be considered as good as the other.. There 
was a slight indication that the material was better re-
membered when taught by the individual laboratory procedure. 
3. The brighter students are likely to profit more 
bz the lecture=demonstration method than are the otherso 
. 1/ 
The study by w .. W .. Kno~ $ which was ranked superior9 is as follows: 
Problem: To establish the relative value of the demon-
stration and laboratory methods of science instruction. 
Conclusions, in part: 
lo The demonstration method is superior to the 
laboratory method in teaching mentally heterogenous groups 
of pupils for the purpose o~ immediate retention ZJ.nd 
relatively permanent retentio~ of subject matter in high 
school chemistry .. 
2. For the purpose of imparting to a group of pupils 
a. scientific attitude and training in a method of attack 
on n~w problems9 the demonstration method is equal~ if not 
superior, to the laboratory method of instructiono 
3.. From the standpoint of the coefficients of corre-
lation, it appears that the demonstration method provides 
superior opportunity for a.daptati~n to individual differences 
in mental ability so far as teaching for immediate retention, 
delayed retention$ and method of attack are concerned. 
4,. So far as providing knowledge and method of attack 
are concerned~ the laboratory method is slightly superior to 
the demonstration method in the ease of the average inferior 
pupil. 
5., For the purpose of providing knowledge for both 
immediate retention and relatively permanent retention 9 and 
fo:r the purpose of providing a technique for handling new 
problems, the demonstration method is much to be preferred 
to the laboratory method in the case of the average superior 
pupil. 
y Loe., cit ... 
·~. 
37 
Before stating the problem and significant conclusions or a study 
ranked inferior by Keise)/ according to the first six of t.he seven criteria 
developed by Stuit and Engleharty3 it should be recognized that the study 
made by Wile~was a pioneer enterprise, being published in 1918 .. 
Probably it has been ranked as or inferior value because or the following 
factors: no mention is made of any attempt to measure the mental abilities 
of the pupllsh/; the tests to measure- immediate and delayed retention were 
of doubtful validity; the method of scoring the tests was highly subjective; 
and there was no mention made of statistical treatment or the data found. 
The study made by William H., Wiley2/ is as follows: 
Problem: To determine the best or the three methods of 
teaching chemistry, the textbook recitation method, the 
so-called lecture ~emonstratio!l method, and the labora-
tory method .. 
Conclusions, in part: 
1.. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture ~emonstrati~ 
textbook, and laboratory 3 so far as imparting lmowledge is con-
cerned .. 
2.. For immediate learning the textbook method is unquestion-
ably superior., 
3.. For permanent learning the laboratory method is perhaps 
slightly superior., 
4. In every respect the lecture ~emonstratio87method is 
the least effective in imparting knowledge to high school 
students .. 
5. The rate of forgetting is greatest with the text-
book method and least with the laboratory method .. 
y Loc .. cit .. 
6( Op. cit.,, PP• 380-39lo 
2f Loc .. cit. 
~ Note the date of publication of the first group intelligence tests., 
2/ Loco cit., 
6.. The different methods show decided individual 
differences both for immediate and delayed reproduction .. 
7.. Probably a combination of the three methods will 
give the best results in teaching high school chemistry., 
Stuit and Englehart1/have also made an excellent critical analysis 
of the lecture demonstration versus the individual laboratory method of 
teaching high school chemistry.. A summary of their report» Which con-
sisted of the combined conclusions of various investigators, is as follows~ 
Conclusions contending that the laboratory method is superiorg 
lo There is a slight indication that material was 
better retained when taught by the· individual laboratory 
method - Anibel., 
2., The order of preference of the methods studies 
places the individual laboratory method before the 
demonstration method ~ Horton .. 
3. In every respect the lecture method is least 
effective in imparting knowledge to high school students -
Wiley., 
4. For permanent learning the laboratory method is 
perhaps slightly superior -Wiley. 
5. For providing knowledge and method of attack, 
the laboratory method is superior for the inferior pupil -
K:r:~.mt. 
Conclusions claiming that the demonstration method is 
superior: . 
1.. Bright pupils are more likely to profit by the 
lecture-demonstration method than are the others - Anibel., 
2. Dull pupils profit more from demonstration than 
from individ-q.al laboratory work - Carpenter .. 
3, The lecture-demonstration takes less time and costs 
less - Anibel.. . 
4o The teacher (Demonstration) method is best = Nash 
and Phillips .. 
5.. Lecture-demonstration method gives better control 
over the individual since all are under teacher guidance -
Pugh .. 
6., For purpose of .providing knowledge for both 
immediate and permanent ret.ention and for the purpose of 
providing technique or handling new problems, the demon-
stration method is much to be preferred to the laboratory 
method in case of average superior pupil - Knox .. 
Conclusions contending that the students achieves egualiy 
well by either methodg 
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1.. Immediate retention is about equal in both lecture-
demonstration and individual=laboratory methods - Anibele 
2.. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture, text-
book - and laboratory, so far as imparting knowledge is 
concerned - Wile.Yo 
.3.. The results of this experiment point to the con= 
elusion that the majority of students in high=school9 
laboratory-chemistry classes, taught by the demonstration 
method, succeed as well as when the.r perform the experi-
ment individually, if success is measured by instruments 
which measure the same abilities as are measured by these 
tests, namely, specific information and abiiity to think 
in terms of chemistry - Carpenter .. 
General conclusions based on evaluation of the reported 
research: 
After considering the above conclusions the writers 
have arrived at a few ideas which seem justifiable in the 
light of the evidence given by this study .. 
1.. No method can be considered to be the best in 
ever,y case.. The objectives of chemistry teaching, the 
preference of the teacher, the nature of the pupil, and 
the facilities of the schools will largely determine which 
method should be used. 
2.. In small schools where money and space are not 
plentiful the lecture-demonstration method seems to be 
most practicable • 
.3.. The written test cannot be used to test all the 
outcomes of a course in high school chemistry.. Some sort 
of manipulative tests seem necessary to test the laboratory 
skills .. 
4o The problem of the relative merits of the lecture-
demonstration and individual-laboratory methods still seems 
unsolves and as complex as evero More careful experimenta-
tion, involving careful control of non-experimental factors 
and reliable testing, is needed in order to justify any 
definite and final conclusionso When experimentation has 
shown the relative superiorities of the methods in terms 
o:t outcomes, the methods should be evaluated in terms of 
the values attached to these outcomes. 
Evidence of the evolution of teaching methods particularly by the 
visual method is apparent in the next study to be considered.9 that of 
The visual method has been long recognized by leading educators 
as one of the most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school that does not, 
in one way or another, make use of visual aids in teaching. The alert 
teacher and administrator are constantly seeking suggestions and illustrations 
by means of which the vague conceptions of the pupils may be made into real 
facts and parts of their experience. Any method will not be overlooked 
if it can provide both clarity and simplicity combined.3/ 
In the study done by Smithl/the problem involved was: 
1.. What is the relative· effectiveness in ninth grade 
general. science classes· of experimental demon~trations 
performed by the teacher and equivalent demonstrations 
presented through the medium of ~ucational sound motion 
pictures .. 
2.. The determination of the relative effectiveness of 
these two instructional techniques with pupils of 
different levels of intelligence .. 
In the plan of study three methods of presentation were used: 
(l) teacher demonstration, (2) use of films, and (3) a combination of 
teacher demonstrations and the use of films.. The conclusions made, as a 
result of this stuQy, were as follows: 
1.. Educational sound motion pictures and teacher demon-
stration are of equal merit as instructive devices in 
ninth grade general science when they include essentially 
the same materials in so far as merit can be determined 
1/ Herbert A .. Smith, "A Determination of the Relative Effectiveness of Sound 
Motion Pictures and Equivalent Teacher Demonstration in Ninth Grade General 
Science", Science Education (April, 1949), 33:214-221 .. 
y Paul Arthui', Lecture Demonstrations in General Chemist!:l:- McGraw Hill 
Book Company, New Yo~k, 1939,, pp .. 2-4 .. 
2/ Op .. cit., PP• 214-215 .. 
by the techniques employed in this investigation. The 
use of either method singly is as effective as the combina-
tion of the two., · 
2. There is a tendency for increas~d intelligence as 
expressed in ter.ms of an intelligence quotient to be 
accompanied by increased learning where l~r.ning is 
represented by the gain of final over initial test scores 
on the objective tests used in this investigation. The 
degree of relationship is independent of the method of 
instruction utilized indicating the same r.elative value 
for sound motion pictures and teacher d~onstrations 
portraying essentially identical materials regardless 
of the level of intelligence of the students. 
Certain similarities exist between the problem of this science seminar 
and. the problem investigated in the study by Croxton)/ His problem was 
stated thusly: 
"Is the failure of children to generalize due primarily 
to lack of power or tendency, or is it simply due to want 
of sufficient experience., .... n 
In this study most of the experiments tested the pupils' ability to 
formulate and apply a principle after eight minutes exposure to the 
essential experimental basis in the for.m of a demonstration or directed 
play.. The tentative conclusions made by Crono.,}/are as .follows: 
1. The data indicates that many children in the higher 
primary, the intermediate, and the junior-high school 
grades are capable o.f generalizing. 
2.. While the experiments do not prove that most pupils 
in the kindergarten and lower primary grades could not 
generalize i.f a more adequate experience basis was pro-
vided, the data together with the evident obsession mani-
fested by these children for obtaining emotional satis-
y w .. c .. Crorlon, "Pupi1Sv Ability to Generalize", School Science 
and Mathematics (June, 1936), 36~627-634e 
y ~ .. , p .. 634 
faction do suggest that early childhood is preeminently 
a period for satisfying reactions. 
3· There is little in these experiments to suggest that 
junior-higg school pupils possess markedly superior 
ability to generalize than intermediate grade pupils 
possess, the difference in the scores in favor.of the former 
being little more than might reasonable be credited to added 
experience. 
In summary, therefore~ of the research and studies compiled by 
investigators on the value and the effectiveness or the lecture-demon-
stration, as compared to other methods of science teaching such as the 
individual laboratory method, the textbook method, and sound motion 
pictures, it can be concluded that the lecture-demonstration method of 
science teaching is equal to, if not better than, any other method of 
teaching. It incorporates direct experience of the pupil, pupil ex-
perience in thinking, utilization of the senses, understa.riding processes, 
application of scientific principles, and ability of the pupil to general-
ize. Through the use of the lecture-demonstration most, if not all, of 
these above qualities are satisfied. Again, the writer would like to 
cite the fact that the lecture-demonstration method is equal to, if not 
I 
better than, any other method of teaching science. 
2. Criteria for a Good Demonstration 
Statement of the Problem ......... There are two problems involved in developing a 
list of criteria for a good demonstration~ (1) to define clearly the 
word "demonstration" as it is to be used in this experiment; (2) to evolve, 
through reference to the litera.ture,the criteria. 
Need for research • .;....Since the demonstration is the instructional 
procedure selected for use in the experiment, it is necessary to clarify 
the meaning of the demonstration method. 
Noll!/ has pointed out the fact that investigators seldom define 
teaching methods carefully and minutely enougho Various writers have 
. 
recognized the need in research for accurate definition of termso Like 
Noll, Riedelyhas made a plea for clear definition of teaching methods 
and experimental P+Ocedureso Mac~ has stated that there are as many 
definitions of *'demonstration" as there are authors treating the subject<~> 
Preston~ also realized this and called for clarification and unification 
of terminologyo 
Most of the literature on the demonstration method fails to recognize 
the difference between the lecture-demonstration, the class experiment, 
and the illustrated lectureo Prest~ attributes much of the success or 
lecture-demonstrations to their actually being class experiments. 
Definition or demonstration ... -The demonstration is in this experiment 
actually a lecture-demonstratione Reference to the literature will help 
to clarify the meaning.. First, the "demonstration" is defined by the 
Y Victor H .. Noll, The Teaching or Science in Elementary and Secondary 
Schools, Longrams, Green and Co .. , London and Toronto, 19.39, Po 6.3 .. 
y F. A,. Riedel, 111Nb.at, If Anything, Has Been Proved as to the Relative 
Effectiveness of the Demonstration and Laboratory Methods in Science?" 
School Science and Mathematics (May, 1927), 27:51.3o 
'J/ Joseph A. Mack, "Desirable Qualities in Demonstration Apparatus", 
School Science and Mathematics (Jan .. , 1950), 50~2lo 
!;/ Carleton Eo Preston.ll "Is the .Debate in Common Terms?" Science 
Education (February.ll 19.35), 19:14-16o 
21 Loco cito 
Dictionary of Education!~ as follows: 
The 
"(1) The Method or process of presenting or establishing 
facts; (2) the procedure of doing something in the 
presence of others either for means of showing them how to 
do it themselves or in order to teach a principle, n 
same sourc~ defines the lecture-demonstration thus: 
·"An instruc-tional procedure in which the verbal message is 
accompanied by use of apparatus to i~ustrate principles, 
determine or verify facts, clarify different parts, or 
test for comprehension of material under diseu·ssion .. tt 
Preston2/ further clarifies the concept of the lecture-demonstration as 
distinct from the class experiment: 
"In true lecture-demonstration the teacher shows every-
thing9 explaining or interpreting each point as he, or 
some pupil, performs the work.. In true class experiment-
ation the teacher endeavors, by well-directed questions, 
to get the members of the class to obse!"Ve or come to · 
conclusions themselves as to the proper interpretation, 
and perhaps to plan further steps or proeedureso Thus, 
in the lecture-demonstration the flow of information and 
explanation is from teacher to pupils; in the class ex-
periment it is exactly the opposite .. "· 
Elsewhere, in defining lecture-demonstration, Preston!/ma.kes the point 
that "no questions interrupt the speaker and he asks his audience none, 
other than for rhetorical effect.,» 
Preston, however, does not distinguish the lecture-demonstration from 
b' Carter v. Good (Editor), Phi Delta Kappa, Dictionary of Education, 
McGraw-Hill Book Company, Inc., New York, 1945, p., 124 · 
Y ~•; Po 238 
2/ Carleton E. Preston, The Hi School Science ~eacher and His Work, 
McGraw-Hill Book Company, Inc .. , New York and London, 193 9 pp .. l92-193 .. 
4/ Carleton E.. Preston, "Is the Debate in Common Terms?" Science· Education 
"(February, 1935), 19:14-16 .. 
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the illustrated lecture as does the Encyclopedia of Modern Education:1/ 
"The lecture-demonstration differs from the illustrated 
lecture in that the latter focuses attention on the screen 
and shows the relationships by means of pictures, slides, 
moving pictures or specimens while the lecture-demonstra-
tion focuses attention on the lecturer who shows the re-
lationships through the use of manipulation of physical 
material, machines or appl·umces;. 1t 
The meaning of "demonstration" is further expanded by the following 
observation made by Mack:Y "Inherent in the concept of demonstration is 
the factor of movement of material things; not a static condition or dis-
play.,n This so-called dynamic quality of the demonstration leads 
Mac.;/ to exclude from the dEmonstr-ation procedure certain standard 
teaching materials: 
nobjects., unless they can be operated ., ".. so also, speci-
mensl! samples and parts ...... Likewise models, as such, are 
barred unless the,r are working models; so also, miniatures 
and enlargements. •• 
Although micro-projection techniques are gaining increasing favor in 
demonstration work./J it would seem that this method should also be ex-
eluded on the same b.asis as the other visual aids. 
Further, Mac;/ states that the demonstration is "an appeal through 
the senses of sigpt and hearing and less frequently through the other 
y Harry N. Ri vlin,~~ Enciclopedia of Modem Education, The Philosophical 
Library of New York City, New York, 1943, p., 452 
y Op. cit.,, P• 21., 
:2/ Loc .. Cit,. 
!J Mary A .. Ott, nMicrotechnique for Projection Demonstration in General 
Science", School Science and Mathematics (January, 1946), 46~68-73 .. 
2/ Op .. cit., P• 21 
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senses". He would, therefore, exclude from demonstration work materials 
that appeal to only one sense; such as, transparencies, pictures, charts~ 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have been determined 
by definition. These are: 
1. The danonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the class experiment. 
4. It differs from the illustra~ed lecture. 
5.. Movement and action are essential,. 
6.. It is an appeal through two senses: sight and ·hearinge 
The necessar.r implications of each of these statements have already been 
suggested .. 
Review of the literature.--! review or the literature was made in 
order to discover those basic principles which might be used as a guide 
in doing demonstrations. 
First, a search was made to locate any previous studies that 
paralleled this investigatieno The Bibliographic Index provided the 
necessary references. It was found that many investigators had subject-
ively listed criteria in one form or another., However, only one study~ 
documented with references, proved similar to this one.. Macxflcovered 
many of the same sources in developing his checklist for evaluating desirable 
qualities of demonstration apparatus.. He lists as "factors" those conditions 
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inherent in the physical surroundings and in good techniques and a.s 
11qua.lities" those conditions inherent in the apparatus.. Much of his re .... 
search ha.d to be duplicated in this review, but for a. different purpose 
which called for more complete and descriptive statements. 
A working bibliography wa.s developed. consisting of five types of 
sources: (1) professional journals a.nd science publica.tionsll 
(2) methodology textbooks., (.3) teaching science textbooks., (4) a.udio-
'Visual texts and (5) books on experiments.. The following reference 
sources were consulted: Bibliographic. Index, Encyclopedia. of Educational 
Research, Bibliographies a.nd Summaries in Education, Reader's Guide31 
International Index, Ulvich's Periodical Director;r, Vertical File Service, 
and the Education Indcax. 
There was great variety in the nature of the material covered which in-
cluded such items as: 
1.. Steps to follow 
2.. Desirable qua.lities 
,3.. Desirable characteristics 
4.. Points to keep in mind 
5.. Rules for demonstrating 
6.. Suggestions for making demonstrations effective 
7.. Criteria. 
8., General discussions of the demonstration method Works included 
in this study fa.ll into four categories: (1) Those which deal with the 
demonstration in a. general sense; (2) those from the field of biology 
(.3) those from the field of physics (4) those from the .field o.f chemistry .. 
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_Several of the authors in the first category.? the "general".? emphasize 
only one or a few aspects of the use of demonstrations.. In discussing the 
presentation of example demonstrations.? Cahoon!/ indicates certain steps 
taken to insure effectiveness of the demonstration and emphasizes only 
visibility and size of apparatus., Colviny offers three cautions to be 
observed in class demonstrations., HofiJ/ emphasizes only visibility and 
planning. Pinkus!/ suggests the need for apparatus especially designed 
for demonstration purposes and stresses the factor of visibility., 
.A few in this aeme group attempt more detailed coverage. Potthof~ 
for example, offers several suggestions for performing demonstrations 
effectively and contributes many excellent ideas.. In discussing the art 
of lecture table demonstration, Daviso~ m~ntions several rules to follow 
in demonstrating.. Rakestraw1/ touches on six different a:pects of the 
y G ... P.Cahoon, 11Using Demonstrations for Providing Pupil Experiences in 
Thinking", Science Eduo.ation (October, 1946),~~ 30:196-201. 
3/ Stephen Sheldon Colvin, An Introduction to High School Teaching$ The 
Macmillan Company, New York, 1924, Ch .. 12., -
'J/ Arthur G .. Hoff,~~ Secondary School Science Teaching, The Blakiston Company, 
Philadelphia and Toronto,~~ 1947, PP• lSS-189. 
4/ L. F. Pinkus3 nsome Suggestions in Demonstrations" 3 Science 
Toctober 203 1933), 78~364. 
2/ Edward F .. Potthoff, 11The Use of Demonstrations in Science Teaching", 
Science Education (December, 1945), 29:253=255. 
Ef H .. F. Davison, 11The Art of Lecture Table Demonstration", Journal· of 
Chemical Education (June, 1927) 1 2:443-7 .. 
J.l Norris w. Rakestraw8 "The Function and Limitations of Lecture 
Demonstration", Journal of Chemical Education (November.~~l929J,~~ 
6:1882-1886 .. 
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good demonstration in his extensive discussion of lecture-demonstration 
Still others in the "general" group have systematically attempted 
to list criteria in some form.. Billinge)/ lists five require-
ments for a successful demonstration.. Daley offers fourteen suggestions 
for improving demonstrations and eleven questions for evaluating them .. 
Under ••demonstration techniques", Haas'J/ lists ten steps to be completed 
before conducting the experiment and five suggestions for conducting it .. 
Heiss~ elaborates on seven excellent rules for demonstrating.. Holley2/ 
lists seven things a teacher can do to insure successful demonstrations .. 
Mac~ developed a lengthy checklist of desirable qualities in demonstra-
ti~n apparatus.. In a group thesis edited by ltarra/1/, five criteria for 
a demonstration were listed which h~d been developed in a seminar 
y R .. D .. Billinger, "Lecture Demonstration Experiments", Journal of 
Chemical Education (Au~st, 1937), 14:375-7 .. 
y Edgar Dale, Audio-Visual :Methods of Teaching, The Dryden Press, 
New York, 1946,-p. 125 .. 130 .. 
;/ K .. B .. Haas, "The Demonstration and Field Trip as Training Techniques".~! 
Business Education World (February, 1951) 3 31:291-293.. , 
~ Elwood D .. Heiss, Charles W .. Hoffman, and Ellsworth S~~ Oboum, Modem 
Methods and Materials for Teaching Science, The Macmillan Company 3 New 
York, 1950, PP• 171-2., 
2/ Charles Elmer Holley, High School Teachers Methods, The Garrard 
Press, Champaign, Illinois, 1937, p .. 229 .. 
£1 Ope cit .. , p .. 27-29. 
JJ Chalmers Murray (Editor), New and Improved Demonstrations!! Each 
Illustrating a Single Science Principle, Unpublished Master's Thesis, 
Boston University, 1950.. · 
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discussiono Richardson and Cahoon1/ list five criteria for a good demon-
strationo Selber~ lists sixteen common errors in demonstration tech-
niques (actually class experiment techniques) and offers an excellent 
plan to follow in doing classroom demonstrationso In the second category~ 
the works from the field of biology~ only one study was found.. Gramet2/ 
lists eight characteristics of the good demonstration. 
In the third category~ works from the field of physics9 the same 
breakdown can be made as for the first category.. Among the few who 
emphasize only one aspect 9 Coyle!t/ stresses the value and importance of 
vertical mounting of apparatus on special boards.. Also9 Su.tton2/ stresses 
the need for simplicity and originalityo Among his· suggestions for im~ 
proving physics teaching~ Weaver2/ stresses visibility and size of 
apparatus .. 
1/ John s .. Richardson and GoPo Cahoon9 Methods and Materials for Teaching 
General and Physical Science9 McGraw=Hill Book Company9 Inco 9 New York9 
Toronto and London~ 1951 .. 
y Edith M .. Selbert~ 11A Plan for Developing Better Techniques in Giving 
Science Demonstrations, Science Education (October9 1932) 9 16~417-420 .. 
3/ Charles Ao Gramet 9 11Demonstration Lessons in Biology11 9 Science Education 
tFebruar,r, 1934) 9 18~33=36o 
!J J .. Po Coyle.ll Eo Co Hansen9 and Ro Bo Coe3 WDem.onstrations Made More 
Visible11 9 Chicago Schools Journal (November3 1941) 9 23~64-8 .. 
2/ Richard. Mo Sutton9 11The Dnportance of Scientific Instruments and Apparatus 
to the Teachers of Physics" 3 Review of Scientific Instruments (December 9 1941) 
12 ~573=582o 
§/Elbert Co Weaver3 fiiTeaching Physics Effectively11 3 School Science and 
Mathematics (May 1944) 3 44=402., 
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y 
Hitchcock emphasizes action as the essential quality or good 
demonstrations and includes3 as he elaborates this theme3 many other 
criteria. 
Duffy is the only one in the field of physics to make a systematic 
listing.. He enumerates nine desirable qualities in demonstration experi-
ments., The fourth and final category, the works from the field of chem-
istry3 may be similarly analyzed., Arthu.;J presented a lengthy dis-
cussion on visibility including many excellen~ suggestions.. Reed!/ dis-
cusses in some detail four aspects of good demons~rations and techniques. 
Wile~ also deals only with a few aspects ~f successful demonstrations. 
Dunbar2/ lists eleven desirable characteristics in demonstrations. 
His list is based on Duff's and includes· specific examples in chemistry, 
7/ . 
Fra:Q.~ provides twelve suggestions regarding use of class demonstration~! 
y Richard C .. Hitchcock, nr Like Action in Physics Demonstrations", School 
Science and Mathematics (December, 1941), 41:832-839. 
y A .. W .. Duff, "Desirable Qualities in Demonstration Experimentstt, School 
Science and Mathematics (November, 1928) 3 28:857 .. 
2/ Paul Arthur, Lecture Demonstrations in General Chemistry, Mc-Graw-Hill 
Book Company, Inc.,, New York and London9 1939, Ch .. 1 .. 
!/ Rufus D .. Reed, "High School Chemistry Demonstra.tions18 Journal of 
Chemical Education (November9 1929) 3 16~1905-9. · 
zj L .. A .. Wiles, 18The Value of Lecture Table Demonstrations in the Teaching 
of Chemistry", Joumal of Chemical Education (September, 19.28)., 5:1109-1111., 
£1 Ralph E. Dunbar, ~some Desirable Characteristics in Chemist:ry Demonstra-
tion Experiments", School Science and Mathematics (January, 1950), 50:19-31. 
J} J.. 0. Frank,!) The Teaching of High School Chemistrys.> J o Oo Frank and 
Sons, Oshkosh,!) Wisconsin,!) 1932, p .. ~S'-9 .. 
105 ~0n UnJ\6r~J~Y 
Sc.t:::oo:J of E.,a.!.tcB:l:.iO[i 
.. Libr~arJ ..,..--
52 
which he believes to be justified by the experience of a. number of 
teachers. Goul~ enumerates on eight to consider in planning and perform-
ing demonstrations. Van Horn~ offers five suggestions for the preparation 
of apparatus and materials and four rules to follow in conducting danonstra-
Use of Criteria.-- The seminar in 1951 after careful consideration of 
criteria of a good demonstration in this field and cGndensation and tele-
scoping of this material produced the criteria listed below.. This group 
feels it is of no additional value in going on any further with this 
probl~.. It is an assumption these are good criteria .. 
. selected criteria.-- The criteria for a. good demonstrati~n as used in 
this experiment are a.s follows: 
CRITERIA FOR A GOOD DEMONSTRATION 
I.. THE DEMONSTRATION SHOULD ILLUSTRATE A BASIC PRJNCIPLE., 
II.. THE DEMONSTRATION SHOULD ILLUSTRATE 9!,! PRINCIPLE ONLY .. 
III.. THE ACTION OF THE DEMONSTRATION SHOULD BE CLEARLY VISIBLE 
AND AUDIBLE TO ALL .. 
A. Remove all the audio-visual distractors .. 
B.. Hake sure the lighting facilities are adequate .. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated., 
y Arthur B.. Gould, "Demonstration Experiments and. Their Place in the 
Teaching of Chemistry", Journal of Chemical Education {Februa.ry,l931), 
8:297-302. . 
y Donald Van Horne, "The Lecture Demonstration :Method in High School 
Chemistryn, Journal of Chemical Education (January, 1930), 7:109-116 .. 
Co Adjust window shades so that students can see 
from all parts of the :room .. 
D.. If necessary~ :rearrange the seating so that 
everyone has an unobstructed view., 
.E.. Be sure that those with poor hearing and vision 
a:re seated appropriately., 
F.. Have the demonstration table arranged so that 
all pupils can see the demonstration .. 
1) Vertical mounting of apparatus is es-
pecially effective .. 
2) Place the apparatus well forward on the 
desk1 facing out toward the pupils .. 
3) Place demonstration table in best posi-
tion fo:r all to see from all angles., 
G. 'Wherever possible, make use of color contrast to 
make the apparatus o:r materials stand out. 
IV" THE APPARATUS SHOULD BE ON A LARGE SCALE. 
' 
A.. The apparatus II!,Ust be clearly visible from the furthest 
co:rne:r of the :room., 
B.. 'Where a thermometer (o:r other meter) is essential 
to the demonstration, use a mock-up· o:r 1ro:rking 
model to help the class visualize this part of 
the procedure. 
c. Large signs and diagrams ma:r be used to supplement 
the spoken word. 
1) They must be previously prepared,. 
2) They must be clearly visible to all,. 
.3) Green print on yellow is preferable to 
black on white,. 
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V. THE DEJIDNSTRATION SHOULD WORK:: IT SHOUID BE AS INFALLIBLE AS 
POSSIBLE., 
A. Apparatus should be in sound working condition. 
* B., Apparatus should be as simple as possible .. 
1) Simplicity of operation .. 
2) As few parts as possible .. 
.3) Avoid crowding, overlapping and masking of 
the parts~. 
* C.. The demonstration should 'be rehearsed in advance. 
D., The demonstration should be well...;pla.nl).ed and prepared .. 
1) Set up apparatus and have all materials-
carefully arranged on the demonstration 
table before the class meets .. 
2) All the necessary measuring and weighing 
should be done before class .. 
.3) Scales and graduates should be placed 
away from the demonstration table when 
no longer in use. 
VI.. THE DEMONSTRATION SHOULD BE SIMPLE AND THE SPEED OF ACTION SUITABLE. 
A.. Use simple setups and place the equipment !!!, 
*-These might well be separate criteriao 
order on the table so that the action can proceed 
logically. 
B. Talk while you work,. Be sure to: 
~J Emphasize the main points; do not digress. 
2) Keep ~rizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
C.. Use a simple vocabular;r. 
VII.. THE DEMONSTRATION SHOULD BE DYNAJUC .. 
Ao By definition, movement and action are essential 
to the demonstration .. 
B.. Positive effects of motion are more impressive than 
null effects of static display .. 
VIII .. A SLIGHT DRAMATIC EI.EMENT IS .SOMETD.mS USEFUL$ 
IX.. AN ELEMENT OF THE UNEXPECTED IS SOMETD.mS EFFECTIVE., 
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X.. THE APPARATUS SHOULD BE OF EASJl.Y AVAILABLE AND lNEXPENSIVE 
MATERIAL.. . 
XIo THE APPARATUS USED IN TEE GIVEN DEMONSTRATION SHOULD BE 
STORED AWAY INTACT UNTIL IT IS TO BE USED AGAIN., 
'!'he frequency with Which the abov~entioned criteria were mentioned 
by the sources consulted is indicated by the chart below., The count was 
made merely for general interest. It has, however, certain obvious values .. 
The frequency of mention of the various criteria provides means of es-
tablishing their validity., The table shows the relative importance of the 
criteria as recognized by these authorities. 
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J. The Test Technique 
Ao Structure of the Test 
Multiple choice items.==The test is composed of approximately 
thirty multiple choice items. Each item is in the fo~ of an incomplete 
sentence, or a question, referred to as the stem, accompanied by three or 
more possible responses. Of the possible responses presented to the ex-
aminee3 one is the~ response.- The examinee is also presented an 
answer sheet upon which he checks in the parenthesis the response he has 
selected. The construction of the response items, in accordance with 
suggestions made by Ros~3 has been grammatically consistent, approxi-
mately of equal length, and plausible, in so far as possible. The writer 
has endeavored to make the type of responses· for each item homogeneous 
in nature, in order to detect higher levels of understanding and dis-
crimination. 
This "best-answerur variety of the multiple choice test means simply 
that one response best refers to the stem of the item. Each item pro-
vides "a response that competent critics can agree upon as best.~ 
The competent critics in this specific situation compose a group of 
in-service science teachers.. The writer has taken great care to "make 
all distractors plausible and attractive to examinees who lack the 
y C., C. Rosas Measurement in Todayos Schools,~) Prentice-Hall Inc .. , 
Wew York3 19473 Po 150 
y Ro L .. Ebel and E. F. Lindquist (Editor)$ Educational Measurement, 
George Banta Publishing Coo 3 Menasha.3 Wisconsin3 19513 p. 232 
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information or ability tested by the i tem1~ ~!/and "avoid highly techni-
cal. distractorsvu., Y In reference to the multiple choice type test, 
Odelll/states that "they may be used to test not only knowledge of facts 
and amount of acquired information3 but also knowledge of eause and 
effect relationships9 ability to make comparisons» to evaluate$ to apply9 
to illustrate9 to define$ and so fortho They are easier'to prepare, and 
also to score9 than some of the other types .. " He further add)/ "almost 
all kinds of multiple answer tests can be constructed so that they possess 
practically perfect objectivity." The scorer is not faced with the prob= 
lem of partial credit on this type of an examination., Either the response 
that is checked upon the paper is correct 9 or it is not correct$ with no 
qualifications., 
Levels of difficulty.,==The writer is making an attempt to detennine 
to What probable extent application and recognition9 as well as under= 
standing of a scientific principle have been gained through the demon= 
stration activity. For this reason9 it is necessar,r for the examiner to 
approximate the difficulty range of the test items which he has prepared., 
It is well recognized that there are various levels of leaming.,2/_ In order 
}) op=;-· cit~~ Po 234 
y ~O.jl Pe 235 
:2/ Co 'Wo Odell9 Traditional Examinations and New= e Tests.!l The Centur,r 
Coo 9 New York and London3 19289 Po 2 2 
~ Opo cit., 9 p., 282 
2/ Wo A., Brownell and U .. Mo Sims9 The Measurement of Understanding_, 
Forty=fifth Yearbook3 National Society for the Study-of Education9 19469 
University of Chicago Press, Chicago9 Illinois9 pp.27~43o 
to measure these levels of learning~ a testing device of various levels 
of difficulty must be constructed., The actual judgment of item difficulty 
must be left up to the subjective judgment of the test constructor. ·~e 
use of subjective judgment in estimating item difficulty at the stage 
of item construction is to be encouraged. Such judgments~ when based on 
all available experience~ are distinctly helpful in leading to the con-
struction of items of the desired di:f'ficulty.,eU The constructor has 
ample opportunity to construct the items of various degrees of difficulty 
by using more remote subject matter applications3 or by including un= 
usually good distractors in the test items.. Odeu.Y states that~ in 
reference to good distractors~ 19their selection /J.istractoriJ will depend 
to some extent upon how difficult it is desired to make the test. In-
correct answers should3 howeve:t~3 never be obviously incorrect to a pupil 
who lmows little or nothing of the matter dealt with ........ ~ 
The various levels of learning may be broken down to three broad 
categorietJe The first level of learning may be labelled9 or described 
a.s mere factual retentiono The second level employs enough understanding 
of the factual retEntion so that the learner can recognize and apply~ in 
simple situationss the principles or concepts which he has retained. 
The third level of learning is reached when the learner can recognize 
and apply the understanding of the f'act.ual·material to more complex, 
unfamiliar~ and difficult situations.. The test has been constructed with 
these three levels of learning in mind.. The first third of the test is 
concerned with items of the first level of learnings and so on. Thus, 
y K. w .. Vaughn and Eo Fo Lindquist (Editor).!) Educational Measurement, 
George Banta Publishing Co., s Menashas Wisconsin~ 195ls p., 174 
y ~ .. ~ p .. 286 
method of testing tells the examiner to approximatily What extent the 
pupil can recall~ understand9 or apply the principle. 
Vocabular;ro=It is only logical for one to assume that the vocabu= 
lar,r used throughout the experiment must be consistent 9 or at least on 
the same levelo Vocabulaey comprising the test must 9 of necessity~ b~ 
equivalent to that used during the d~onstrationo Inconsistent vocabu= 
laey is one of the factors which could unfavorably affect the reliability 
of the testing programo If' the vocabulaey within the testing device is in= 
liability of the whole testing procedureo Reliability~ itself~ is the 
The vocabulary of the testing device has been amended by the critic= 
jury to establish consistency of vocabulary throughout the experiment and 
vocabulary comprehension at the grade level at which the test is us.edo 
criticisms9 it must ordinarily be tried out experimentally on a sample of 
examineese,anY Prior to any experimentation9 the test was subjected to a 
tryout on at least one hundred pupils of equivalent age and grade level~ 
but are not included in the ex.perimente Thi~ independent tryout tended 
responseso Such items could be dropped completely from the test~ or 
rJ Ho So Conrad and Eo Fo Lindquist (Editor) 9 Educational Measurement,~~ 
George Banta Publishing Coo 9 Menasha.9 Wisconsin9 1951~ Po 250 · 
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eliminated in the final tabulation of the total results. 
As was stated previously~ the total number of items in the test 
approximates thirty2 but some may be dropped due to the discretions of 
the critic-jury, or as a result of the test tryout .. 
The test perio~o==The length of the testing period for both the 
pre-test and the post=test has been indefinite2 in so far as no specific 
time limit has been set for either of the tests.. The test period may 
continue on until ever.y pupil has completed the test 2 in so far as 
possible.. Each pupil is allotted sufficient time to at least read all of 
the items presented him.. A multiple choice test of thirty items can be 
approximated as requiring about ten minutes to be read through completely. 
·Odell!/ has recommended that non the average elementaryc..school pupils 
be expected to respond to three or four such exercises ~ltiple choice 
itemsJ per minute.," 
By allotting sufficient time for all e:xa.minees to attempt all the 
items.? the influential factor of time itself is eliminated,. As stated 
by Lindquisty' 11The most common way of reducing or eliminating the in-
fluence of time on tests is to set the time limits so liberally that all, 
or nearly all.? pupils are able to consider or attempt all the items in 
the test,." Pupils are told to complete all items.? and are watched to 
see that they keep at this task until finished,. 
y c .. w .. Odell, Traditional Examinations and New=T;rpe Testss The Century 
Coo 9 New York and Londons 192Ss p .. 285,. 
y A .. E .. Traxler and Eo Fo Lindquist (Editor) s §_ducational Measurement9 
George Banta Publishing Co .. 9 Menasha,}) Wisconsin9 195ls p .. 340 .. 
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B.. Aims and Use of the Test 
Employing statistics.--The test is an instrument devised to obtain 
statistics for measuring growth of learning, due to a specific educational 
experience, namely a scientific demonstration., Every effort has been 
made in the construction of the test to measure as precisely as possible, 
the nmeaningf'ul learning" that has been grasped by each pupil subjected 
to the demonstration and the test-retest procedure.. The only descrip-
tions of the learning and understanding that have taken place are the 
statistics which can be applied to the results of the tests taken by the 
examinees.. In accordance with Guilford,Y it appears obvious that 
"statistics enable us to summarize our results in meaningful and convenient 
for.m". The summaries of the test results will enable educators in the 
field of science education to make general conclusions and predictions 
concerning the presentation of the particular scientific principle that 
has been demonstrated.. Experimental and statistical methods cannot be 
divorced from each other, in so far as9 "The experiment directs our 
observations and yields data. By means of statistical methods, we can 
summarize those data., interpret them, and determine their reliability.,v.Y 
.2/ t In this respect, Brownell: . has s a.ted that "Altogether too commonly 
understandings are disregarded in evaluation (and in teaching) in favor 
of outcomes which a.re more easily measured . (and achieved) .. " 
y J. P .. Guilford, Fundamental Statistics in Psychology a.nd Education~ 
McGraw-Hill Book Co., 9 New York and London, 1942s p .. 3. ·· 
?} J. P .. Guilford, Qp., cit .. .~~ Po 156. 
2/ Wo !. Brownell, The Measurement of Understanding, Forty=fifth Yearbook, 
National Society for the Study of Educatioh 9 19.46.~~ University of Chicago 
Press, Chicago.~~ Illinois, p. 2., 
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Test-retest method.--If the educator is to measure growth~ or 
learning, due to some specific learning activity, he cannot overemphasize 
the lfimportance of knowing initial status with respect to understanding .. "!/ 
The writer is convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by means of the 
test-retest method.. That is, by administering identical tests prior to, 
and after the learning· situation .. It is conceded that nnot all the gain 
found can be correctly attributed solely to the remedial program ./Jhe 
danonstration peri~. Some of it is doubtless du~ to the practice effect 
or to familiarity with the test itself, part of it to teaching received 
outside of school, and part of it to natural growth."g/ For purposes of 
predicting this "probable gain", the writer has made use of a control 
group in the experiment .. 
What the test endeavors to deter.mine .. --Any increase in scores of 
the control group on the post-test (the same test that has been given 
the second time) may be labelled as the probable gain that can be 
attributed to familiarity~ or external factors concerning the test. The 
writer has sought to determine the significant increase of the scores on 
the post-test of the experimental group, and compare this increase with 
a~ possible increase made by the control group on the post-test. B.1 
knowing appro:x:in:la.tely what percEntage gain on the test scores may be 
attributed to "chance", as determined by the control group, the writer is 
able to conclude in this instance, that any significantly larger gain in 
1/ Ho R. Douglass and He Fe Spitzer, Forty-fifth Yearbook, Qp.cit. 3p.24. 
3( Co C. Ross, Op• cit .. , Po 206o 
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the sooreB of the experiment group has been due to learning gained during 
the demonstration process • 
. Assuming that the constructed test is both reliable and valid:~ 
statistics applied to the results emanating from the test will yield 
invaluable data in predicting at what grade, or grades this specific 
scientific principle can be presented with predictively good results. 
Statistical interpretations of the test results are the means to these 
predictions. This is stated in essence by Guilfo~ who states that 
"statistical reasoning is basic to all predictions". 
C. Characteristics of the Test 
Reliability of the test.-The reliability, being the precision and 
consistency with which the test measures "what it measUres", is a most 
important characteristic of the test. In this specific testing situation" 
the scores on the pre-tests and post-tests given to the experimental group 
cannot be correlated for purposes of detennining reliability since the 
material beUl.g tested has been presented to the examinees in the period 
intervening the two tests. 
All extema.l factors conceming the test have been kept as consistent 
as possible.. The element of time does not detract from the reliability,~~ 
because provisions have been made for each pupil to at least consider all 
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the test items.. The influential time factor has been kept at a. minimum .. 
Lindquisty concurs in stating that "The procedures /Jestini/ become 
entirely unsatisfactory particularly in any test in 'Which speed is a sig-
nifica.nt element in the score" .. 
The sampling of the material has been adequate, since all the test 
items have been constructed on the basis of a. single scientific denonstra.-
tion.. A test of high reliability is further assured in the length of the 
test.. It is generally conceived that the longer the test, the higher the 
reliability.. The test in consideration contains approximately thirty 
items, measuring the understanding derived from a single scientific 
principlee 
Validity .. --Validation of .the -test items has been by jury, as mentioned 
previously.. The jury was composed of in-service science teachers. 
y E .. F. Lindquist (Editor), Educational Measurement, op.,cit.,, p.617 .. 
CHAPI'ER III 
EXPERIYiliNTAL PROCEDURE 
1. The Pri..11ciple 
Statement of principle.-- The scientific principle used by the 
investigator in this experiment 1rtTa.s: whenever an opaque object intercepts 
rays of radiant energy, a shadow is cast belund the object. 
Purpose of experiment.-- The purpose of this experiment was to 
determine at what grade level this scientific principle can be 
understood by the pupils and taught to them most effectively. 
Plan of operation.-- The investigator obtained the permission of 
the Superintendent of Schools of the Archdiocese of Boston to work in 
five parochial schools. The sister superior of each school was asked 
to cooperate by the central office. The schools were all located in 
the same section of Boston; the pupils 't'Tere from middle-class families 
of the :::ame socio-economic level. One s:txt.h gradE) and one eighth grade 
class in each school were used in the experiment. 
The classroom procedure was as follows: 
1. Each classroom teacher administered the otis Quick-Scoring 
Mental Ability Tests to her pupils about a week before the 
demonstration.. (These tests were corrected by the investigator 
and used to establish mental age levels in each classroom group.) 
2. The class 'tvas divided into control and experimental groups by 
random selection. 
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3. A pre-test was given to both groups at the same time., 
4. The control group was given a specific unrelated assignment in 
:history or English to be done under the supervision of the 
classroom teacher. 
5. The demonstration was presented to the experimentaJ. group in 
another classroom. 
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6. The post-test was given individually to both groups at the same 
time. The time limit for the pre-test and post-test was fifteen 
minutes. 
7. The investigator gave the demonstration and lecture to the 
control group at the close of the testing period to satisfy 
their natural curiosity. 
2. The Demonstration 
Description of equipment.-- The equipment used in this demonstration 
consists of four posters, one X-ray film and one piece of apparatus. 
1. Posters. See P.late 1 through Plate 4. 
a. P.late 1. The first poster has two definite ideas presented 
on it. The main idea of ·this poster is to illustrate how 
radiant energy travels from a source (the sun) and is 
intercepted by objects (the earth and moon). On one side of 
the objects there is radiant energy. On the other side there 
is an absence ofenergy. This absence is represented by the 
dark area (shadow). The second idea and of aJ.most equal 
importance is the analysis of a section of a ray of radiant 
energy. This section is represented by a cube. An analysis 
of the types of energy that can be found in this section 
is listed to the right of the cube. 
Plate 1. Analysis of Solar ll:nergy and Its 
Resultant Effect on the Earth 
and the Moon 
b. Plate 2. The second poster is an illustration of hol'r an 
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object may intercept rays of radiant energy. Note that rays 
of radiant energy travel in a straight lL'rte.. They strike a 
ref~ecting surface and are reflected away from this surface .. 
The area immediately behind this surface is shaded. In the 
classroom demonstration an analogy was made between the 
principle demonstrated by the poster and a beam of light 
cast on a mirror by a .flashlight. It was pointed out that 
if visible light was the form of energy being used, the area. 
behind the mirror would be dark.. In other '!:'lords, there would 
be no light from the .flashlight in that area. 
Plate 2., Interception of Radiant Energy by 
a Reflecting Surface 
c. Plate 3. The third poster is another illustration of ho~r 
an object ma.y intercept rays of radiant energy.. Note the.t 
sa 
in the third poster radiant energy rays travel in a straight 
line. These rays strL~e a block of absorption material. 
They are taken into the material and broken up into smaller 
rays of energy. These smaller rays are trapped in the 
absorption material. There is no radiant energy behind 
the absorption material. There is no shaded area behind 
this material to indicate the lack of radiant energy because 
the author believed that the plain white area behind the 
absorption material in contrast to the shaded areas of the 
first two posters would illustrate more graphically that a 
shadow is the absence of radiant energy. In the demonstration 
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an analogy 1-ra.s made between the principle of this poster and 
sound 'll.ra.ves striking Celotex. Sound waves cannot be seen by 
the naked eye. Therefore, no representation of a shaded area. 
was made. 
RADIANT EN~GY W~VES 1; 1/1 
~~~-~~ 
==: == ===1£ LJ 
ABSORPTION 
MATERIAL 
Plate 3. Interception of Radiant Energy by 
Absorption Material 
d. Plate 4. The fou~th poster is an illustration of absorption 
and reflection working together. Here is an illustration 
concerning a. communication medium that is familiar to most 
school children. Television waves travel in a. straight line 
from the transmitting antenna.. If an object is in the path of 
these waves, some absorption and reflection will take place. 
No television reception will take place behind this object. 
In this poster we have these essentials: the transmitting 
anten.'l'la 1 the absorption and reflection of a. hill, and the 
home with its receiving antenna. There are no television 
waves reaching the house or its receiving antenna. 
\ 
\.. 
ABSORPTION ' 
Plate 4,. Prac't{ical. illustration of the 
Absorption and the Reflection of 
Television Waves 
2. X-ray. The X-ray film was a full size chest plate.. The 
demonstrator held it up against his chest.. His white shirt 
brought out the light areas of the film.. The structure of the 
thorax could be easily seen by the class in its correct 
perspective. It was pointed out that the ribs could absorb or 
reflect X-rays.. Whenever an X-ray hit the film that spot 'II>Tas 
turned black.. Therefore, the sections where ribs are located 
would appear light .. 
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3. Apparatus. Plate 5 shows the arrangement of the apparatus used 
in the demonstration.. All the material used in the demonstration 
can be carried within the case that holds ~he apparatus. The 
case is a black-painted plywood box three feet long, one foot 
wide and t\10 feet high. Located on the inside on the left \'fall 
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is a photo~lectric cell con.~ected to a single-pole double-throw 
relay. This relay operates two 7~ "toratt light bulbs which are 
on top of the case. Directly opposite on the right wall of the 
case are three sources of radiant energy: an infra-red light 
bulb,- a tungsten visible light bulb, and an ultra-violet light 
bulb.. These light bulbs represent three forms of radiant energy 
found in the electromagnetic spectrum. For the protection of 
the operator and in order that the light energy would be formed 
into a beam, each bulb was placed in a cylindrical reflector. 
At the bottom of the case directly under the reflectors is a 
switch box that co~trols the photoelectric relay and the three 
sources of energy. 
Plate 5. Apparatus Containing Photoelectric 
Relay and Infra-red, Visible and 
Ultra-violet Light Sources 
4. Lecture. The talk given in conjunction with the demonstration 
was memorized by the demonstrator and took about 15 minutes to 
deliver. 
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3. The Test 
Description.-- The test contained 26 multiPle-choice items written 
in both interrogative and declarative form. Each item had four answer 
choices, one being correct. The items were selected to include some 
directly related to the demonstration and some that were practical 
applications of the principle being demonstrated., A colored answer 
sheet was issued With each test booklet.. The color of the answer sheet 
indicated i~hether the pupil was in the control or exper:i..m.ental group and 
whether the test was the pre-test or post-test. (See Appendix.) The 
same test was used for the pre-test and the post-test. 
Scoring.-- A key was used to correct the tests in order to make the 
procedure easier and shorter. tihen all the tests were corrected, the 
results were transferred to the pupil record cards designed for this 
specific project. On this card were recorded the name of the pupil, 
the chronological age, the mental age, the school, the grade and the 
teacher 1s nan~. Also on this card were 30 spaces to record the results 
made by the pupil on each item.. The pre-test was scored in red and the 
post-test was scored in blue. If the answer was not correct or was 
omitted, the space was left blank. 
CHAPTER IV 
TREA'Will:NT OF DATA 
1. Performance of Different Mental Age Groups 
Number of students.-- A total of 455 students participated in this 
experiment. Forty-three of these students were eliminated immediately 
because they were absent either on the day the Otis Q~ick-Scoring Mental 
Ability Test was given or on the day of the experL~nt. Of the 
remaining 412 students 3 206 were in the control group and 206 l'Tere in 
the experimental group. 
Charting performance of mental age groups.-- The pupil record 
cards \'.rere separated into groups according to their mental age level 
by years. This i'TaS done separately first ll'.rith the control group and 
then '\llrith the experimental group. The post-test performance of each 
student in each mental age interval was recorded. The median score and 
inter-quartile range for each interval were found. These results were 
charted to show the relationship in performance of the control and 
experimental groups. 
Results as shown in Table 1.-- The figures contained in Table 1 
show that there is a definite difference in the post-test results of the 
control and experimental groups. The median score of the experimental 
group is on the average two points higher than that of the control 
group. The inter-quartile range of the experimental group is also 
higher than that of the control group. 
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Table 1. Performance of Different Mental Age Groups for the Control 
and Experimental Population on Post-test Results 
Mental Age 
Control Group Experimental Group 
in Years Median 1'1edian N Score IQR N Score IQR 
I 
(1) (2) (3) (4) (5~ (6) (7) 
18- 19 3 16 9- 24* 3 19 19- 21* 
17 - 18 12 16 15-17 11 17 17-18 
16 - 17 17 13 12- 15 22 16 15- 18 
15 - 16 48 11 9- 13 29 15 14- 17 
14-15 33 11 10-13 38 16 14 - 17 
13 -14 26 12 10-14 37 14 12 - 17 
12 - 13 28 10 10 - 12 29 12 9-14 
11 - 12 20 10 9-12 23 12 10-14 
10- 11 15 9 7-11 11 11 6 - 13 
9-10 1 12 12 - 12* 3 12 8- 16-1*' 
B - 9 1 s 8 - Sir 
7 - 8 2 8 8- 9:! 
Total 206 206 
* Less than four cases - therefore total range given 
N = number of cases 
IQ~ = inter-quartile range 
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2. Finding the Typical Class 
The t;rpical class.-- The mid-eighty percent of a class is y 
believed statistically to be a typical class. The method used to find 
the mid-eighty percent 1rras to determine the mean and standard deviation 
of the raw score of the Otis Quick-Scoring Jl.fental Ability Test.. Then 
1.28 standard deviation was added to the mean to find the upper lirr~t 
and subtracted from the mean to find the lower limit of the test for 
each class., Scores above the upper limit were discarded. Scores 
below the lo11.rer limit were discarded. A check was made of this procedure 
by finding 10 percent of the number of students in each class. This 
number should equal the number discarded over the upper limit and the 
number discarded belo'll'i the lower limit. This was done to see that 
there was no chance :massing at either the upper or lo1rrer levels., 
Reason for the tzpical class.-- The selection of the mid-eighty 
percent to represent the typical class is based on the assumption that 
in most classrooms where heterogeneous grouping of pupils is follo'lli'ed 
there is such a wide dispersion of I.Q. 1 s that it is difficult to obtain 
a true picture of the class norm. The elimination of the top 10 percent 
and the lower 10 percent as deviates brings the class into a workable 
homogeneous group. 
3. Item Analysis 
Purpose of item analysis.-- In order to evaluate the test items 
!/Herbert G. Oxendine, The Grade Placement of the Physical Science 
Principle "Sound Is Produced by Vibrating iV.!ateriaJ:ii in Relat~on to Mental 
Ages, Unpublished Doctor 1 s Dissertation, Boston University, 1953, PP• 62-64. 
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an item ana~ysis was done. The main purpose for the item analysis 
was to eliminate those items that were too difficult or too easy. 
Procedure for item analysis.-- The top 27 percent of each typical 
class in the eighth grade was selected and all of these were then pooled. 
The top 27 percent of each typical class in the sixth grade was 
selected and then pooled. The same was done to the lower 27 percent 
of each class at both grade levels. Working with these four groups 
each item 1..ras analyzed individually. The percentage of answers that 
\lfere correct for each item on the pre-test "L..ras determi..11ed for each of 
the four groups. The same was done for the post-test. A correction y 
for guessing was applied to these percentages. Then using the 
upper 27 percent and lower 27 percent of each grade, the difficulty 
index and the discriminating index of each item t~s obtained from y 
Da'\ris' table. After analyzing the pre-test and post-test percentages 
and the difficulty indices according to the criteria set up for this 
experiment, the items that were to be el::i.D.inated were determined. 
Criteria for eliminating items.-- Thirteen items were eliminated 
by the follol'lfing criteria: 
a. When the difficulty index for the item indicates no gain from 
from the lower grade pre-test to the li.gher grade pre-test. 
i/J. P. Guilford, Fundamental Statistics in Psychology and Education, 
McGraw-Hill Book Company, Inc., New York, 1950, p. 552. 
g.}Frederick B. Davis, Item-Analzsis Data. Their Computation,. Interpreta-
tion. and Use in Test Construction, Graduate School of Education, 
Harvard Uni~rersity, Cambridge, 1949, Appendix B, p. 43. 
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b. Items that are too easy, that is, when 75 percent of th~ pupils 
in the lower grade get the item correct on th~ pre-test. 
c. Items that are too diffic~ut, that is, 25 percent or less of 
the pupils in the higher grade failed to get the item right on 
the post-test. 
d. ~'!hen the difficulty index indicates no gain from the pre-test 
to the post-test at both grade levels on any item., 
e. vfuen the difficulty index shows a gain at the lov.rer grade and 
a loss at the upper grade from pre-test to post-test. 
Items ~2, 3, 16, 17, 24 and, 25 '\'Tere eliminated by criterion a .. 
Criterj_on b eliminated item ·L Items 6 and 9 were too difficult a1"1d 
therefore thrown out because of criterion c. Items 11, 12, 20 and 21 
were eliminated under criterion d., No items were eliminated by criterion e. 
Rescoring test.-- The pupil record cards were rescored after 
eliminating these items. A table was made showing the performance of 
the mid-eighty percent of the control and experimental groups. The 
figures in Table 2, which are based on the new scores, show about the 
same results as Table 1 .. 
4. Reliability and Level of l\'Iastery 
Finding reliability.-- If a test has been analyzed using such 
stringent criteria as in the item analysis, mentioned above, this test 
should prove reliable. To check the reliability the Pearson Product-
Moment Coefficient of Correlation was used. The Pearson correlation 
coefficient (r) was computed from the following formula: 
E..--cy-
--
r = _N _ _,_~-
OX o-y ' 
in which l\f is the number of cases, ax the stande.rd deviation of. the 
distribution on the pre-test or X-axis, oy the standard deviation of 
the distribution. on the post-test or Y-a.."'d.s, ex the correction on the 
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X-arJLs, cy the correction on the Y-axis and ~ the sum of the products 
of the deviations of each measure from the central tendency of the 
X- and Y-e..xes. 
The reliability of the pre-test of the sixth grade control group 
was found to be 0.83. The reliability:t"P.l'the eighth grade control group 
was fo~!d to be 0.73. These t~o reliabilities were high enough to show 
that the tests were reliable and could be treated with confidence. 
Finding the level of mastery.-- The level of mastery ~-ro.s defined 
as the score a student 1nust attain in order to show that he had sufficient 
understanding of the principle., To find the level of rne1.stery the means 
and the standard deviations of the s~~h and eighth grade control and 
experinlSntal groups on the pre-test and post-test corrected results viere 
found., The standard error of the obtained measure (at,) was found for 
each group from the formula: 
, 
in which cr is the standard deviation and r the reliability as found by 
the Pearson correlation coefficient. Then by applying a one percent 
level of significance to the standard error of the obtained measure and 
subtracting th:1 s result from the number of items in the rescored test, 
Table 2. Performance of Different Mental Age Groups for the Control 
and Experimental Population on Rescored Post-test Results 
Mental Age Control Group Experimental Group 
in Years Median N IQR N Median IO..R Score Score 
(1) (2) (3) (4) (5) (6) (7) 
17-18 4 8 $- 10 5 9 7- 10 
16- 17 12 $ 7- 9 17 9 8- 11 
15- 16 42 6 5- 8 28 9 7- 10 
14-15 33 7 6- 8 37 9 8 - 10 
13 - 14 2l~ 7 6 - 8 36 8 7 - 9 
12- 13 27 7 6- 7 25 7 5 - 8 
11- 12 15 7 5 - 7 19 7 5 - 8 
10-11 8 4 3 - 7 4 6 5 - 6 
Total 165 171 
N • number of cases 
IO..R = inter-quartile range 
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the level of mastery for each group was determined. By formula this 
would be: 
L = K - 2 • .58ot, , 
where L is the level of mastery and K the number of items in the 
rescored test. 
.5. Results 
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Similarity of groups.-- Table 3 was devised to show the similarity 
of results between the control and experimental groups on the pre-test. 
~ote in Table 3 how close numerically were the means and standard 
de,~ations of the control and experimental groups of the sixth and eighth 
grades. They were close enough to say that the classes were sLmilar. 
Finding the proportion passing.-- The sixth and eighth grade control 
and experin:tental groups were checked to see how many cases in the pre-test 
and post-test were above the level of mastery. The number of cases of 
each group above the level of mastery was divided by the number of 
cases in that group and this gave the proportion passing. 
The oroportion passing.-- The means, standard daviations and the 
proportion passing of the sixth and eighty grade control and experimental 
groups for the pre-test and post-test were charted. (See Table 4.) The 
highest proportion passing was found tc be 1.5 percent for the post-test 
results of the eighth grade experimental group. 
Table 3. ~wans and Standard Deviations of the Pre-test for 
the Sixth and Eighth Grade Control and Experi-
mental Groups 
Control Group Experimental Group 
Grade 
Mean Standard Mean Standard Deviation Deviation 
(1) (2) -·13T (LJ.) (5) 
6 5.80 2.14 5.62 1.94 
e 6.94 2.04 7.15 2.10 
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Table 4. M~}ans, Standard Deviations and Proportion Passing on Pre-test 
and Pos"t,-test for SL"'!±.h and Eighth Grade Control and Experi-
ments~ Groups 
Grade ~rest 
Control Group Experimental Group 
Mean S.D. P.P. Mean S.D. P.P. 
(1) (2) (3) (4) (5) (6) (7) (8) 
6 Ilre 5.80 2.14 2 5.62 1.94 0 
Pos·l:. 6.08 2 .. 17 1 7.55 2.14 7 
Pre 6.94 2.04 l!. 7.15 2.10 6 
Post 7.09 1.96 6 8.60 2.08 15 
S.D. = standard deviation 
P.P. = proportion passing in percent 
82 
CHAPTER V 
CONCLUSIONS 
In order to say that the pz•inciple was understood by a class 
after the demonstration at least 50 percent of that class should have 
passed the post-test. The highest proportion pass~in. this experiment 
was 15 percent. Therefore, the investigator concludes that this 
principle as presented in this experiment was too difficult for the 
sixth and eighth grades. However, since this experiment covers a small 
population, the results can be only an indication that the understanding 
of this principle is too difficult for these ttto grade levels .. 
The findings suggest that the principle, whenever an opaque object 
intercepts rays of radiant energy a shadow is cast bel1ind it~ is 
definitely teo difficult for the sixth grade., The investiga.·{jor believes 
that there is some indication that this principle could be taught in 
the eighth or ninth grade. After a. larger sampling of students has been 
studied this belief can be substantiated or repudiated. 
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SCRIPT 
Well, boys and girls, from the test you have just taken you might 
liOnder 'tGt this business is all about.. Right now you are probably trying 
to make all the p3.rts of this jigsaw puzzle fit together.. \fuat bas 
ultra-violet light to do with sunburn? \ihat do the ~estions concerning 
eclipses, radiated heat and telev.ision have :in common? At first there 
doesn•t seem to be any logical reason for their being tied together .. 
Let us look at this first poster.. In the upper left-hand corner w 
have rept"esent.ed the sun"' From the sun we have these beams of energy 
going to the earth and the moon.. For the time being we will call this 
energy sunlight., If you'll look closely you•ll see that all the sun•s 
light falls on the half of the earth and the half of the moon facing 
the sun.. Here on this darker side of the moon and earth we have a 
situation 'Where no light is present. In other words, there is no solar 
energy. .An astronomer might call this the earth as or moon us shadow; 
but I :myself, and you too 3 probably, refer to it as nighttime .. 
Now take this poster as a whole. Notice this little red cube that 
has been lifted out of one section of this ray of solar energy. If w 
take any part of any section, but here represented by this cube, out of 
any ray of solar energy, we will find all of these oomponent parts 
present:- gamma rays; x-rays; ultra-violet light; visible light; 
infra-red light; radio, T .. V .. and sound waves.. Therefore, when it is 
nighttime here on earth, we are in such a position that none of these 
different types of energy from the sun are reaching us. 
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Why is this so? There are two good sound rea sons that can explain 
it.. The first is represented on this second poster. On your le.ft we 
have these parallel lines which represent beams of energy. Over here 
we have a reflecting surface which is at a 45 degree angle to the 
beams of energy.. If we call these beams of energy light rays from 
a flashlight and the reflecting surface a mirror, then when the light 
from a flashlight is shone on a mirror a situation exists mere the 
beam of light is tumed or reflected aw~.. Inm.ediately behind this 
mirror there is no light from the flashlight present. On this poster 
this absence is represented by a shaded area.. If we take our example 
of sunlight shining on earth, this area ~ould be similar to our night .. 
in other words, no energy is present here that comes directly from a 
source such as the sun or a flashlight .. 
On this next poster we have the principle of absorption.. Radiant 
energy v-raves, coming in straight lines,, hit this block of absorption 
material.. \'fuen they hit, these rccy-s are taken into the material and 
broken up into smaller rays. These smaller rays are broken up :into 
even smaller rays until there is not enough energy in any ray to break 
out of the material.. If all the rays are absorbed, then there can be 
no energy behind the material.. Let us call this absorption material 
Celotex, a soundproofing material used in radio studios. Also let us 
call the beams of energy sound waves. Now we will have ·a situation 
1\fhere sound waves, coming in straight lines from their source, hit this 
block of Celotex and are taken into the material. Here they are broken 
up into small rays, I>epresented by these small red arrotoJ"s, and soon 
86 
disappear completely$ On one side of this Celotex we have sound; on 
the other side,~~ nothing. On the first two posters this absence of 
energy was represented by a shaded area because we used illustrations 
'With light. We can •t see sound, so why represent its absence by a 
shaded area? If nothing is there,~~ why put anything to represent it? 
Let us sum this poster up. Radiant energy waves travel in straight 
lines. They hit absorption material. On one side of the :material we 
have this radiant energy. On the other side we have nothing; that is, 
none of the radiant energy coming in a direct line from the source. 
To show you how reflection and absorption can affect your T.V. set, 
look at this poster. On your le.ft we have represented a transmitting 
antenna. On your right we have a house ld th a receiving antenna. 
Between these two we have a hill or mountain. This mountain can contain 
metal ores that are good reflecting :materials and jttst plain dirt which 
can be a good absorption :materiaL I.f you will notice television waves 
leave the transmitting antenna and travel in straight lines. In this 
particular situation these waves hit the mountain and are reflected, 
absorbed or both. No television waves can reach this house antenna .. 
Theoretically this is true. But it there is a hill.11 S83', ten miles 
away, it is possible that some of the T.V. waves w.i..ll be reflected off 
this hill to the antenna. In any case_, the television picture in this 
house 'Will be very poor. Sunming this poster up, television waves leave 
a single source; travel in straight lines; hit some object; are absorbed 
or re.flected. On one side of the object, we have energy or T.V. wavelill; 
on the other side, we have nothing.. There is no energy here that comes 
in a direct line from the source. 
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I have here a picture of a young man which might be of interest 
to you. It is an X-ray. If I hold this picture against my white shirt, 
I think you will be able to see how well this young :man looks. Notice 
these light areas or lines. These are his ribs. The calcium in the 
ribs, and the density or thickness of the ribs absorb or reflect most 
of the X-rays in such a way that they do not hit the film. rlhenever 
an X-ray hits the negative film it turns that particular spot black. 
Notice this dark area between the ribs. This is the area of the lungs. 
Our lungs are act.ually hollow air sacs.. If a part of the lung is 
diseased, as when a. person has tuberculosis, there is a lot of moisture 
or congestion about the affected spot.. The congestion 'Which is mostly 
liquid absorbs a lot of the X-rays.. Therefore, the area behind the 
spot is lighter than the surrounding area.. Believe it or not, doctors 
call this lighter area a shadow. 
(Put X-ray film away" Open up demonstration and turn on 
photoelectric cell .. ) 
Now I have here a demonstration of 'What I have been talking about .. 
Remember I said the energy of the sun contains gamma rays; X-ra.ys; 
W.tra-v.iolet rays; v.isible light reys; infra-red rays; radio, television 
and sound waves. X-ray and television equipment cost too much and are 
too heavy to carry, but I have here three other types of light energy:-
1.. Visible light .. 
(Snap on light; let class see light; snap off' .. ) 
2.. Infra-red light, which is actually inv.isible ~hen it is true 
infra-red. 
(Snap on light; let class see light; map off.) 
Incidental.ly, infra-red light, because of its difficult;r to see, 
is used qrlte often to catch burglars .. 
3. Ultra-violet light. 
(Snap on light; let class see light; map off.) 
Over here I have a. photoelectric cell or electric eye. It is 
connected to these two lights on top of the box.. "VJhen no energy falls 
on the cell, this white light is on., iflhen energy fa.lls on the cell, 
the blue ligh.t is on., 
(Snap on visible light.) 
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If I place my hand between the visible light and the electric eye, 
the 'White light goes on.. I take my hand away, the blue light goes on .. 
Notice that I place my hand between the light source and the photocell .. 
On the palm of my hand there is light; on the back side of my hand there 
is no light energy from the visible light sourceco When there is no 
energy on the back of my hand, there is no energy on the photocell and 
the '!.mite light is on. I can repeat this w.i..th infra-red light. 
(Shut off visible light and turn on infra-red light .. ) 
Notice than when my hand is between the source of energy and the 
electric eye the 'White light is on. I take :my hand away and the blue 
light goes on. On the palm of my hand I have energy; on the back of 
my hand there is none of that energy. 
The same results 'Will take place 'With ultra-violet light. 
(Snap on ultra-violet light. Caution:- do not have on more than 
two or three minutes.) 
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Now let us sum up what has been said during this demonstration .. 
There are many types of radiant energy.. .All these types can be found 
in solar energy or singularly :made by :man.. If some material is exposed 
to a form of radiant energy, it might absorb or reflect this energy .. If 
this material absorbs or reflects this energy, then there "tdll be an 
absence of this energy behind the :material. 
1. A PERSON SHOULD WEAR SUN GLASSES BECAUSE 
Ao IT IS NOW THE CUSTOM IN THE SUMMERTIME Bo GLASSES WILL KEEP HIS EVES COOl Ce SUNGLASSES WILL ABSORB ALL THE RAYS Of THE SUN Do SUNGLASSES WILL PROTECT THE EVES FROM THE HA FUL RAYS OF THE SUNo 
2o X•RAYS ARE USED TO DISCOVER CRACKS OR FLAWS IN METAL BECAUSE 
Ae SIMILAR SHADOWS WILL fORM ON THE FILM 
Bo SIMILAR CRACKS AND fLAWS WILL FORM IN THE fiLM Co THE X•RAV METHOD IS THE CHEAPEST Do ONLY X•RAYS WILL PIERCE METAL 
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3. DURING THE WARTIME BLACKOUT WINDOWS HAD VO BE COMPLETELY COVERED WITH A DARK, HEAVY MATERIAL BECAUSE 
NO LIGHTS SHOULD BE SEEN BY THE ENEMY THE AIR-RAID WARDEN WILL CHECK LIGHT WILL NOT PASS THROUGH AN OPAQUE OBJECT 
EVEN A LIGHTED MATCH CAN BE SEEN FROM MILES AWAY 
4Bl•UAE RED PIECE OF GLASS WILL ABSORB ALL COLORS Of LIGHT BUT REDe tr A BEAM OF LIGHT IS DIRECTED AT THE GLASS, THE AREA BEHIND IT WILL BE CALLED 
A: 
c. 
De 
BLUE LIGHT RED LIGHT PURPLE LIGHT A SHADOW 
5e ~T A BIG fiRE fiREMEN PUT UP A CURTAIN Of VATER BETUEEN THE FIRE AND NEARBY BUILDINGS BECAUSE 
Ae THfS CURTAIN fiLTERS OUT THE LIGHT fRO~ THE fLAMES B. THfS CURTAIN ABSORSS MOST OF THE HEAT OF THE fLAMES Ce THIS CURTAIN PUTS THE FIRE OUT 
D. THIS CURTAIN KEEPS THE CROWDS BACK 
6. JN AN ELECTRON MICROSCOPE ELECTRONS PASSING FROM THE ElECTRON GUN TO THE NEGA• 
TIVE fiLM 1 CAUSE BLACK SPOTS TO APPEAR ON THE ffLMe fF AN OBJECT IS PLACED IN THE MICRO~COPE BETWEEN THE GUN AND THE FILM THE IMAGE FORMED WOULD BE 
WHITE 
BLACK THE COLOR or THE FILM THE COLOR or THE OBJECT 
Ae VERY GOOD 
Bo VERY SHARPLY fOCUSED 
Co VERY POOR 
Do NON£ Of THESE 
Be WHITE MARKS WOULD BE ON A SUNBURNED PERSON 9 S BOOV WHEREVER AN ARTICLE OF CLOTHING WAS WORN BECAUSE 
Ae SUNTAN LOTION WAS USED Bo CLOTHING PROTECTS THE BODY FROM THE SUN'S RAYS 
Co THE PERSON DIDN'T STAY IN THE SHADE D. THE SUN WAS TOO HOT AND THE PERSON ~AS S~EATING 
9e A FIREPLACE IS A GOOD SOURCE OF HEAT, ESPECIALLY RADIATED HEATe IT IS MOST 
EFfiCIENT WHEN 
Ao THE SCREEN IS IN rRONT Or IT Bo THE DAMPER IS OPEN 
c. THE SCREEN IS NOT IN FRONT OF IT 
Do THE DAMPER IS CLOSED 
10. ~ ~ELDER HAS TO WEAR A HELMET WITH A DARK GLASS WJNDOW BECAUSE 
Ao HIS BOSS SAYS HE MUST WEAR IT 
Be HE HAS TO PROTECT HIS fACE FROM FLYING SPARKS 
Ce HHE HHAS TO PROTECT HfS EARS fROM NOISE De E AS TO PROTECT H S EVES AND FACE FROM THE INTENSE LIGHT 
11e X•RAV ROOMS ARE COMPLETELY COVERED WITH LEAD BECAUSE 
Ao LEAD ABSORBS MOST Or THE DANGEROUS X•RAYS Be LEAD REFLECTS ALL THE DANGEROUS X•RAYS 
Co LEAD ABSORBS MOST Of THE X-RAYS AND HAS A SAFETY AREA BEHIND JT 
De LEAD REFLECTS ALL THE X•RAVS AND HAS A SAFETY AREA IN FRONT Of IT 
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12. DURING AN ECLIPSE Of THE MOON, IT IS HARD TO SEE THE MOON fROM EARTH BECAUSE 
Ao THE SUN'S SHADOW FALLS ON THE EARTH 
Be THE EARTH'S SHADOW FALLS ON THE MOON 
Co THE MOON'S SHADOW FALLS ON THE EARTH 
De THE MOON'S SHADD~ FALLS ON THE SUN 
13. AN INFRA•RED HEAT LAJPf USED TO TREAT SORE MUSCLES$ IS MOST EFFICIENT WHEN THE PART OF THE BODY AFFEC ED IS 
Ae COMPLETELY EXPOSED B. COVERED BV A SHEET 
c. USED WITH A HEATING PAD 
DQ PROTECTED BY REGULAR CLOTHING 
14o IF A PERSON IS UALKING UITH HIS BACK TO THE SUN 1 HIS SHADOU 
Ao IS QN HIS RIGHT SIDE Bo IS ON HIS LEFT SIDE C., IS DIRECTLY IN FRONT OF HIM D. IS DIRECTLY BEHIND HIM 
VIHICH IS 
BA0
o THE THE 
Co THE D. THE 
THE BEST DESCRIPTION OF THE DARKNESS OF NIGHT • 
TIME BETWEEN SUNSET AND SUNRISE TIME WHEN THE EARTH 9 S SHADOW lS ON THE SKY TIME WHEN THE SUN'S LIGHT IS ABSENT 
TIME WHEN THE EARTH'S SHADOW INTERCEPTS THE MOONLIGHT 
16. IF A BEAM OF LIGHT IS DIRECTED AT THE SURFACE Or A MfRROR 1 THE AREA BEHIND THE MIRROR WOULD BE 
Ae DARK Bo LIGHT 
C,. GlO\H NG 
Do SILVER 
17. THE RAYS OF ENERGY FROM THE SUN CONTAIN 
~· B~¥~~ ... w.t V101 .. h"'i~ RAYS c: INf'RA-RED RAYS 
Da• ALL OF" THESE 
18. ORDINARY WINDOW GLASS WILL ABSORB ULTRA VIOLET LIGHT. ULTRA VIOLET LIGHT IS THE CHIEF CAUSE Of SUNBURN~ THEREFORE IT IS 
Ao B., 
8: 
IMPOSSIBLE TO GET A SUNBURN SiTTING BEHIND A CLOSED VINOOI 
POSSIBLE TO GET A SUNBURN SITTING BEHIND A CLOSED WINDOW 
IMPOSSIBLE TO GET A SUNBURN SITTING BEHIND AN OPEN WINDOW IMPOSSIBLE TO GET A SUNBURN S TTING IN THE YARD IN fRONT OF AN OPEN VI I NDO\V 
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19o MANY STORES AND BANKS HAVE DOORS THAT OPEN AUTOMAT1CALLY WHENEVER A PERSON 
WALKS BETWEEN A LIGHT AND AN ELECTRIC EY~ 'r.HE DOORS OP~ BEOA~SE 
Ao SIRONG LtGHT RAYS FALL ON THE ELECT~iC EYE 
Bo THE PERSONS CLOTHES REFLECT fHE LIGHT RAYS BACK TO THEIR SOURCE 
Co THE PERSONS BODY KEfPS THE L GHT RAYS fROM THE ELECTRIC EYE 
De NONE Of THESE 
20. X•RAYS ARE USED TO DISCOVER T.B. ·TUBERCULOSIS• BECAUSE 
Ae HEALTHY LUNGS WILL ABSORB ALL THE X•RAYS Bo DISEASED PARTS OF THE LUNGS WILL NOT CAST SHAOO•s ON FILM 
c. HEALTHY PARTS Of THE LUNGS ~ILL CAST SHADOWS ON FILM 
De DISEASED PARTS OF THE LUNGS WILL CAST SHADOWS ON FILM 
21. WHICH ONE OF THESE CATS CASTS THE DARKER SHADOW 
BLACK CAT WHITE CAT 
TIGER CAT ALl SHADOWS ARE EQUALLY DARK 
22• THE MOST EFFICIENT TYPE OF RADIATOR IS ONE THAT 
Aa IS COVERED BY AN ASBESTOS SHIELD 
Be IS COVERED BY A METAL SHIELD Co IS COVERED BY A WOODEN SHIELD 
Do IS NOT COVERED A1 ALL 
23e A TELEVISION STATION ORDINARILLY CANNOT BE SEEN OR HEARD OVER 90 MILES A~AV BECAUSE 
THE STATION IS NOT POWERFUL ENOUGH THE ANTENNA CANNOT BE AIMED AT THE STATION 
THE CURVE OF THE EARTH AT THIS DISTANCE BLOCKS TELEVISION WAVES FROM THE ANTENNA 
MOONLIGHT INTERFERES WITH TELEVISION·WAVES AND ABSORBS ALL OF THEMe 
24. DURING AN ECLIPSE OF THE SUN, IT IS HARD TO SEE THE SUN FROM THE EARTH BECAUSE 
. A THE SUN IS BETWEEN THE MOON AND EARTH a: THE EARTH IS BETWEEN THE SUN AND THE MOON Co THE MOON IS BETWEEN THE SUN AND EARTH Do THE SUN IS NOT BETWEEN THE MOON AND EARTH 
25o A BLUE PIECE OF GLASS WILL ABSORB ALL COLORS Or LIGHT BUT BLUE. IF A BEAM 
or REO LIGHT IS DIRECTED AT THE GLASS, THE AREA BEHIND fT WILL BE CALLED 
Ae BLUE LIGHT 
Bo REO LIGHT 
Ce PURPLE LlGHT De A SHADOW 
26o PRINTING PICTURES FROM NEGATIVES IS POSSIBLE BECAUSE SHAOO~S 
Ao ARE MADE BY THE PRINTING PAPER ON THE NEGATIVE Be ARE NOT MADE BV THE PRINTING PAPER ON THE NEGATIVE Ce ARE CAST BEHIND THE DARK SPOTS ON THE NEGATIVE 
Do ARE REFLECTED FROM THE DARK SPOTS TO THE LAMP. 
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